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FOREWORD

The construction industry of today uses a great variety of materials,
machines, and processes as well as professional, technical, skilled crafts-
men, and building trades to accomplish desired results. A significant role
in the construction process required to assure the highest degree of confor-
mity to plans is that of the construction inspector.

As construction practice becomes more complex, the inspector must possess
a higher level of competency. Community College construction inspection
programs are assisting industry by providing necessary educational programs.

This publication is another in the Construction Supervision and Inspection
series. This series was undertaken to provide instructional materials for
all technical courses in the inspection program. Each publication is devel-
oped by a Community College in cooperation with the Chancellor's Office.
Valuable assistance is provided by advisory committees representing archi-
tects, engineers, inspectors, contractors, material and equipment manufacturers
and suppliers, building trades, and college staff. This series should provide
the basis for a comprehensive program.

2 12 44/Zee
Sidney W. Brossman, Chancellor
California Community Colleges



PREFACE

This publication provides a comprehensive treatment of materials usually
covered in a plumbing and piping inspection course. As with other
publications in the Construction Fupervision and Inspection series, it
is in draft form and will be refined after it has been used and evaluated
by instructors, students, and practitioners. The publication may contain
more material than can be covered in one semester. Students may find
portions useful beyond the classroom since it contains reference
information. We welcome your comments and suggestions.

I wish to express my appreciation to the authors, Lester O'Meara and
John Turley, and to the advisory committee that assisted them.

Leland P. Baldwin, Assistant Chancellor
Occupational Education
California Community Colleges
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CHAPTER I

PLUMBING AND PIPING INSPECTION

General: Inspection includes the examination and evaluation of construc-
tion work in progress, comparing or contrasting it with recognized norms
or standards, and accepting or rejecting it in the light of conformity
or nonconformity to the standards.

An Inspector is engaged by the Owner or Architect/Engineer to represent
him at the construction site. Public works and engineering departments
of communities and special service agencies have inspection staffs to
evaluate construction for which they are responsible. In all local
communities an Inspector is a law-enforcement employee of the city or
county, and seeks compliance with the Building Code in the interests of
health, safety, and general welfare of all citizens of the community.

Inspections, in some form or another and under a variety of nomenclatures,
have been carried on through all ages of history.

The complexities of government, use of greater varieties of materials,
and creation of guilds (ultimately unions) of various trades have steadily
increased the need for intelligent and responsible inspection of all types
of construction.

Within the past few years, in California, the Construction Inspectors'
Association has created a statewide Association with the aim to extend
their knowledge and abilities toward bett r inspection service. It is
due to the motivation of this group that the course of study on Construc-
tion Supervision and Inspection has been prepared.

Qualification: The major qualification of a good Inspector is his years
of experience in construction work of a type similar to that for which
he is being assigned.

There are several thousand persons employed in Construction Inspection in
California. There is every indication that there will be a 5% to 10%
increase per year in job opportunities. A greater increase may be anti-
cipated based on population and construction activity projections. Also,
inspection staffs will be increased as local communities continue to
pursue comprehensive housing inspection programs.

It is becoming more and more--on large projects--a practice to assign
Inspectors on the basis of specialized knowledge, such as mechanical,
electrical, concrete and steel work; however, large portions of construc-
tion projects still require the services of an Inspector with a good
general knowledge of all phases of construction.

-1-



The need for inspection service is steadily increasing to such an extent
that it is becoming more and more difficult to draw men of experience
from the ranks of their previous occupations.

As a consequence, young people, without a great amount of job experience,
are becoming interested in this field of work.

It is increasingly evident that the qualifications of an Inspector defi-
nitely require the inclusion of a basic and current knowledge of building
materials and construction procedure.

More contractors and communities are insisting upon and recognizing ad-
ditional collegiate training for Construction Supervisors and Inspectors.
This tends to elevate entrance standards, promotion standards, and salary.
Hence, the current presentation of a course of study on Construction
Supervision and Inspection as presented by a few of the Community Colleges.

Duties: The prime duty of a Construction Inspector is to assure that
construction is performed in accordance with the drawings and specifica-
tions. An Inspector has no authority to deviate from them; an Inspector
shall avoid assuming an unreasonable attitude concerning his own inter-
pretation when reasonable doubt exists as to intent, especially concern-
ing minor details.

At all times, the Inspector shall bear in mind that the principal objec-
tive is the successful completion of the intent of the contract documents.
All directions by the Inspector shall he based upon obtaining the best
possible final result in accordance with the documents.

Accepted and proven construction practices and the use of common sense
and good judgment shall be the basis of the Inspector's attitude.

The above results can only be successfully obtained by the Inspector
through a dignified, quiet, tactful, and firm attitude on his part.

Copies of such Codes as Uniform Plumbing, Electrical and Safety Codes,
Uniform Building Code, and local ordinances, must be maintained on the
project at all times for the use of the Inspector, the Owner, and the
Architect/Engineer.

The Inspector shall set up and maintain files, incluoing a daily diary,
Inspector's copies of correspondence, daily reports, the contract form,
an approved set of plans, specifications addenda, and change orders,
approved shop drawings, approved samples, concrete placing records, weld-
ing records, pile driving records, water, gas, sewer tests, concrete
tests, steel tests, progress reports, and other corres pondnece or data
pertaining to his portion of the contract.

-2-



BEST COPY AVAILABLE

Contract documents usually call for (and if not, the Inspector shall
require) a schedule of the work showing the estimated starting and com-
pletion dates of major sub-contracts, all within limits of the time for
completion of the contract. As the work progresses, he shall plot on
this chart the weekly progress of the work. More sophisticated methods
of scheduling are explained in detail under the Architectural Section of
this Series.

Diary: It is imperative for the good of the project that the inspector
keep a daily diary. The prime value of the diary is to cover current
actions, attitudes, and conditions while the work io in progress. It is

potentially extremely valuable.

It may be used to advise Supervisors of the progress of the work, of any
difficulties being encountered, of any noncompliance with the drawings
and specifications, and matters of similar nature. It will be of use in
the event a Contractor requests an extension of time or an increase in
contract price, and for audits of work progress.

It is therefore important that the diary be completely filled out in a
legible manner and that all pertinent facts be stated pr-:isely. State-
ments should be so worded that persons reading and evaluat:rg the diary
at some future date will be aware of exactly what happened and what in-
formation the Inspector intended to convey.

The greatest value of this diary is its information over and above current
weather conditions, amounts of material received, lists of material in
use, or data on the contractor's labor force.

Items to incorporate in a diary:

Any oral statement or order given to Contractor's super-
visory personnel on behalf of the Architect/Engineer
concerning additional work or concerning a controversial
item.

Warnings given to the Contractor's personnel concerning
improper, inad_quate, or unsafe methods which are likely
to result in injury to personnel or in damage to the Owner.

Conditions encountered in excavation, such as change of
material from that indicated on the plans, the presence
of rock, boulders, or other hard material, location of
utility lines not shown on the drawings or found in a
different location.
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Any claim the Contractor may make to the Inspector regard-
ing interpretations of drawings and specifications with
respect to the inclusion of work or material which he
feels is not covered nor required.

Any materials or equipment rejected because of non-
compliance with the specifications. This should include
any material or equipment that is found to be defective
as the result of tests or analysis.

Delays caused by non-delivery of material, equipment
breakdown, weather conditions, or insufficient supply of
labor; also remarks concerning general progress of the

job.

Work accomplished by the Contractor, and its location.

Any and all other reports required on the project can be lifted from this
diary on the basis of weekly, semi-monthly, or monthly reports.

The Inspector shall notify the Contractor and Architect/Engineer of any
deviation from the approved plans and specifications. Care shall be
taken that the Inspector does not issue instructions to the Contractor
which will result in a claim for extra compensation or extension of
contract time.

Such orders will be issued only as contract change orders from the Archi-
tect/Engineer's office after proper approvals have been obtained, and any
changes in contract price o: time have been determined.

The Inspector shall verify that shop drawings and samples, as required by
the plans and specifications, are submitted to the Architect/Engineer's
office; they shall be approved before the materials are incorporated in
the work.

Contract documents usually require that tine bidder shall submit a list of
Subcontractors. Any change in the listed Subcontractors shall be approved
by the Owner and the Architect/Engineer. Work on the job by any Subcon-
tractor not listed in the contract documents or properly approved is a
violation of the contract and the Architect/Engineer should be advised
immediately.

Payments: The contract documents usually provide for monthly payments to
be made on the basis of percentages of work completed, on a form prepared
by the Architect/Engineer or by the Contractor and approved by the Archi-
tect/Engineer. This monthly estimate and request for payment must be
checked for percentage of work completed and approved by the Inspector
before it is submitted to the Architect/Engineer's office for certification.

-4-



Change Orders: Changes in the plans and/or specifications are a possi-
bility in any contract.

No deviations from the approved plans and specifications shall be per-
mitted until the Inspector receives notification from the Architect/Engi-
neer that the change meets with the approval of all parties concerned.
The Owner is the only party legally authorized to approve any changes in
the work under the contract.

A formal change in plans and specifications and, if a change in price or
time is involved, a change in contract - termed a Change Order - will be
prepared and issued by the Architect/Engineer's office. Occasionally the
Architect/Engineer may notify the Contractor to proceed with the change
after necessary informal approvals have been obtained, pending approval
of the formal Change Order. This information will also be given to the
Inspector and will bp the Inspector's authority to allow the Contractor
to proceed with the change.

The Inspector has no authority to order a change in plans, specifications
or contract. Any conditions necessitating a deviation from the require-
ments of the contract documents must be registered as a Change Order.

Each Change Order, upon approval, becomes a complete, supplemental con-
tract document; therefore, must be complete in every respect, including
the following:

Name of the party requesting the change and reason.

A detailed description of the proposed change, listing
the exact location and nature of the work, or a supple-
mental drawing attached to the Change Order.

Change in Contract amount and time.

Record Drawings: Record drawings or as-built drawings shall be maintained
by marking up a set of prints indicating items which may comply with the
approved plans and specifications but are not located or indicated in
detail. The exact locations and depths of underground and underslab con-
duits and piping, and the location of conduits embedded in concrete or
otherwise inaccessible shall be noted. These record or as-built prints
shall be turned over to the Architect/Engineer upon completion of the
project, or as requested.

If the proiect is not completed within the time prescribed in the contract,
the Inspector shall make a complete report listing all missing items and
work not completed, and this shall be forwarded to the Architect/Engineer.
When the project is complete, the Inspector will review with the Architect/
Engineer all guarantees that are called for in the Contract Documents.

-5-



The Inspector mwt confirm that the above are received by the Owner before
the Architect/Engineer can certify the completion of work.

All questions, interpretations, suggestions and criticisms posed by the
Contractor or Inspector shall be directed to the Owner or Architect/
Engineer, or his field representative.

Criteria for Good Inspection: The Inspector must keep in mind that the
Owner is the only party legally authorized to make any change in the
work under the contract. The Architect/Engineer, as part of his service
and duties under his contract with the Owner, is completely responsible
for all phases of the work to and including the completion of the con-
struction contract.

The Inspector, while an employee of the Owner, must keep the Architect/
Engineer completely current with all phases of the progress of construc-
tion. He serves as the "eyes" for the Architect/Engineer to assure that
the design is carried out as contemplated. He must be alert not only in
inspecting his phase of the job but must also give careful attention to
all phases of the finished work. In this way the Inspector can perform a
real service to the Owner, to the Architect/Engineer, and to the Contractor.
He should remember that there is a common rule of law that says "in every
contract there exists an implied covenant of good faith and fair dealing."

Relationships

Personal Conduct: The following rules shall be observed. The Inspector

shall:

Not talk about administrative problems connected with the
project in public. Such discussion by the Inspector should
only be held with appropriate personnel officially connected
with the project. (Loose talk makes for poor relationships
with all concerned.)

Be swift and decisive in his actions against violence, neg-
ligence, or evidence of bad faith. He should be just as
quick to recognize and commend good work.

Have no personal connection with and should not accept a
loan, gift, nor gratuity from anyone that is in any way
responsible for compliance with the terms and conditions
of the Contract.

Not use narcotics nor intoxicating liquors while on duty,
nor appear on duty under their influence.

-6-



Not suggest nor recommend for employment any particular
person or persons or Subcontractor nor should he suggest
nor recommend the purchase of any specific material nor
product except insofar as the specifications may require.

Not give orders nor instructions to the Contractor nor
any Subcontractor involving any change in the work not
covered by the contract, except upon instruction from
the Architect/Engineer with approval of the Owner.

Not give orders and instructions to the Contractor nor
any Subcontractor that in any way involves responsibility
for or gives cause for claim against the Owner. He shall
not assume the duties of any superintendent nor foreman
of the General Contractor nor any Subcontractor.

Contractors: The Inspector shall not interfere with the Contractor's
method of performing work. Such interference could, to some extent,
release the Contractor from his responsibility under the contract.

His action ordinarily is limited to the rejection or acceptance of various
parts of the work as they are completed. If the Contractor's methods are
obviously unsafe, inadequate, or do not comply with established construc-
tion practices, the Inspector should warn the Contractor against con-
tinuing such methods. Following such warning, if the Contractor continues
to use such methods, the matter should be promptly brought to the atten-
tion of the Architect/Engineer or his designated representative for
further action.

He should always do business with the responsible superintendent or fore-
man on the job, and should carefully avoid the issuance of any directions
to the Contractor's workmen. At no time should an Inspector take any
action which could be interpreted as supervision or direction of the
Contractor's operations.

He should be alert to cooperate with the Contractor in expediting progress
of the work; to catch errors in questionable practices in time to avoid
future rejection or slowdown of work or material; to observe the Contrac-
tor's equipment and operations from a safety standpoint, assisting him in
correcting safety hazards. An Inspector's relationship with the Contrac-
tor should be cooperative and friendly at all times without compromising
the Owner's objective of obtaining high quality construction in accordance
with the drawings and specifications, and within the limits of allowable
contract time.

The Inspector must realize that the Contractor has agreed to perform his
contractual obligation; he is licensed and has been prequalified before
his bid was accepted.
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There must be mutual respect between the Contractor and Inspector; this
will come about when each is qualified and thoroughly familiar with his
assignment.

The terms of every contract sets forth adequate procedures and standards
necessary to resolve conflicts of interpretation or standards of per-
formance. No action is to be taken that will relieve the Contractor of
his obligations.

Smooth relations between the Inspector and the Contractor results in a
satisfactory relationship among all parties involved in the particular

project.

The General Conditions generally stipulate that the Architect/Engineer
will not entertain any request to arbitrate disputes among Subcontractors
nor between the Contractor and one or more of his Subcontractors con-
cerning responsibility for performing any part of the work. It is the
single prime, or general contractor who has this responsibility where
all work is performed under one contract.

Where the contracts are segregated, and each is a "prime" Contractor,
i.e. Mechanical, Electrical, and others, the respective Contractor is
governed by the General Conditions of his respective contract. In this
case the Inspector has an added responsibility of job management and
coordination by the authority vested in him.

The Inspector must understand the principles of leadership and exercise
them. If the Inspector cannot or will not provide prompt answers to
questions raised by Contractors, they will go elsewhere. If proper
leadership is shown, the Contractor will respect him.

The atmosphere of responsible authority must be created at the job in-
ception. The Inspector conducts the starting meeting and other coordina-
ting meetings in a businesslike way.

It is necessary to keep in close touch with each of the prime Contractors;
each must be dealt with impartially and fairly; do not discriminate nor
show disdain, as it will alienate the Contractor.

The Inspector is justified in criticising if it is based on facts and
appropriate; by doing so it may keep him from developing further trouble.

Give a Contractor a chance to use his ability and resources; do not close
the door to him, as it is frustrating and does not contribute to job
progress nor efficiency.
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Keep the Contractor informed. Anything that affects the operations of
one Contractor needs to be told to the others.

Good record keeping is a must; keep abreast of all problems and decisions;
be on top of the job.

Prospective Bidders: Inspectors are prohibited from discussing any matter
with prospective bidders that may influence their bid one way or another.
No interpretation of the proposed contract plans nor specifications shall
be made.

Each bidder shall evaluate the work and rely on the proposed contract
specifications for the method of clarification.

Subcontractors: Interpretation of Subcontracts must be left entirely to
the discretion of the prime Contractor. Subcontractors are agents of the
prime Contractors and have no contractual relationship with the Architect/
Engineer.

Owners: In almost every case the Inspector is directly an employee of
the Owner and as such is fully responsible to the Owner.

By the same token, the Architect/Engineer, in his services to the Owner
is completely responsible for the protect from its inception to its
completion, which puts the Inspectcr iL a position of being responsible
to the Architect/Engineer as well.

The Inspector should, as a consequence, at any time that he receives
direct orders from the Owner in any phase of the work, such as reports,
changes in work or material, be very careful to contact the Architect/
Engineer before proceeding with any such issued orders.

Architect/Engineer: The Inspector shall work under the direction of the
Architect/Engineer. In his review of plans and specifications, any in-
consistencies or seeming errors must be reported promptly to the Architect/
Engineer for interpretation and instructions. Should he feel that such
interpretations and instructions are not in conformity with the approved
plans and specifications, he shall request further clarification.

Field. Representatives: Certain Federal, State, Local, and Building Trade
representatives periodically visit most projects. These people are in
the nature of Inspectors for such organizations as Health, Education and
Welfare, Department of Housing and Urban Development, Office of Architec-
ture and Construction, Department of Local Assistance, Fire Marshal,
Industrial Safety, County Health Department, Electrical and Plumbing
Codes, Trade Unions and others.
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These people should contact the Inspector. If not, the Inspector should
be alert to the visits, make himself known and record in general all con-
versations and specifically any indicated violation or recommendation of
Code, or agency requirement indicated, for prompt_ report to the Architect/
Engineer.

Legal Obligations: Aside from the legal obligations imposed on the
Inspector by the terms of the construction contract between the Owner and
the Contractor, he has the legal obligations to make truthful reports on
the forms furnished, and to comply with the conditions imposed on his
employment as an Inspector by local building departments and/or State
ageacies.

There is no State licensing law governing Inspectors at the present time.
Should such be enacted, the Inspector will have legal obligations as
enumerated in the law.

-10-



CHAPTER 2

UNIFORM PLUMBING CODE

History: The first plumbing code of significant value was the Hoover Code,
published in 1928 and revised in 1932. In 1933 the National Association of
Master Plumbers published its Standard Plumbing Code and revised it in 1942.
In 1936 the Hoover Code was revised, and in 1940 this revision was published
by the government in BMS66, plumbing manual primarily designed for housing.

In 1938 the Western Plumbing Officials started their first draft of the
Uniform Plumbing Code.

In 1941, due to involvement in World War II, the government initiated a
program to conserve critical materials and labor. This resulted in the
publishing of the Emergency Plumbing Standards. This was the first code
to work successfully on a nationwide basis.

The peacetime forerunner of this code was published in 1949 as the Uniform
Plumbing Code, and applied to dwelling units. The code was subsequently
expanded through the efforts of the various committees, to apply to all
types of structures. In 1955, after extensive research and investigation,
it was published as the American Standard National Plumbing Code, ASA A40.
8-1955. This is still the standard used by the Federal Government on their
agency projects, with the latest revisions.

Concurrent with this effort, the Western Plumbing Officials' Association
(now International Association of Plumbing and Mechanical Officials) en-
deavored to compile a standard to replace the multitude of conflicting
codes in existence.

The committee, composed of Plumbing Inspectors, Master and Journeyman
Plumbers, Sanitary and Mechanical Engineers, assisted by the Public
Utility Companies, and the Western Plumbing Industry, published the first
edition of the "Uniform Plumbing Code" which was adopted in 1945.

General; The Uniform Plumbing Code, if it is to be useful, must be kept
up to date; for this reason amendments adopted by the membership are pub-
lished in a revised code every three years, and reflect the latest tested
technological developments. It is now widely used by cities, counties and
states. The latest revision was published in 1973.

The Uniform Plumbing Code, like most codes, is considered a minimum with
respect to materials, and sizing of pipes, or equipment; many projects,
for reasons best known to the Engineer, may require larger sizes or
different materials. If the plans and specifications indicate this, the
Inspector should require that the plans and specifications be followed,
but the standards of the code must be followed as a minimum. A copy of
the Code should be available on every construction project where it is
the adopted standard.



The State of California also has a Housing Code, Title 25, which may be
used for dwelling units, where the Uniform Code has not been adopted, or
where local deviations from the Uniform Code has made it less restrictive

than the Housing Code.

Administrative Authority: The Code allows the Plumbing Inspector, as a
representative of the Authority, to use his judgment in some cases.
This is particularly true when listing or labeling of a product by a

listing agency is not available. He must first satisfy himself as to its

adequacy.

Code Expansion: Each revision of the Code indicates the growing com-
plexity of plumbing systems and the need to augment the Code. Recent

additions have been Rainwater Systems, Trailer Park Plumbing Standards,
Medium Pressure Gas Systems, Swimming Pools, and Battery Drainage Systems.

Other Codes: There are many other codes and orders which must be kept
in mind while administering the Uniform Plumbing Code. These include:

1. National Electric Code
2. State Safety Orders
3. National Board of Fire Underwriters - various pamphlets
4. Federal Standards on Safety and Health - which take

precedence over State Standards (OSHA)

Principles: The preamble to the National Plumbing Code lists basic prin-
ciples which spell out the results desired and necessary to protect the
health of the people. They also serve to define the intent of the Code.
It can be assumed that they are also the principles which underlie the
basic philosophy expressed in the Uniform Plumbing Code, 1973 Edition.
They are listed here:

Principle No. 1: All premises intended for human habitation,
occupancy, or use shall be provided with a supply of pure and
wholesome water, neither connected with unsafe water supplies
nor subject to the hazards of backflow or back siphonage.

Principle No. 2: Plumbing fixtures, devices, and appurte-
nances shall be supplied with water in sufficient volume and
at pressures adequate to enable them to function satis-
factorily and without undue noise under all normal conditions
of use.

Principle No. 3: Plumbing shall be designed and adjusted to
use the minimum quantity of water consistent with proper
performance and cleaning.
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Principle No. 4: Devices for heating and storing water shall
be so designed and installed as to prevent dangers from ex-
plosion through overheating.

Principle No. 5: Every building having plumbing fixtures
installed and intended for human habitation, occupancy, or
use on premises abutting on a street, alley, or easement in
which there is a public sewer shall have a connection with
the sewer.

Principle No. 6: Each family dwelling unit on premises
abutting on a sewer or with a private sewage-disposal system
shall have, at least, one water closet and one kitchen-type
sink. It is further recommended that a lavatory and bath-
tub or shower shall be installed to meet the basic require-
ments of sanitation and personal hygiene.

All other structures for human occupancy or use on premises
abutting on a sewer or with a private sewage-disposal system
shall have adequate sanitary facilities but in no case less
than one water closet and one other fixture for cleaning
purposes.

Principle No. 7: Plumbing fixtures shall be made of smooth
non-absorbent material, shall be free from concealed fouling
surfaces, and shall be located in ventilated enclosures.

Principle No. 8: The drainage system shall be designed,
constructed, and maintained so as to guard against fouling,
deposit of solids, and clogging, and with adequate clean-
outs so arranged that the pipes be readily cleaned.

Principle No. 9: The piping of the plumbing system shall
be of durable material, free from defective workmanship,
and so designed and constructed as to give satisfactory
service for its reasonable expected life.

Principle No. 10: Each fixture directly connected to the
drainage system shall be equipped with a water-seal trap.

Principle No. 11: The drainage system shall be designed to
provide an adequatc circulation of air in all pipes with no
danger of siphonage, aspiration, or forcing of trap seals
under conditions of ordinary use.
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Principle No. 12: Each vent terminal shall extend to the
outer air and be so installed as to minimize the possibil-
ities of clogging and the return of foul air to the building.

Principle No. 13: The plumbing system shall be subjected
to such tests as will effectively disclose all leaks and
defects in the work.

Principle No. 14: No substance which will clog the pipes,
produce explosive mixtures, destroy the pipes or their
joints, or interfere unduly with the sewage-disposal pro-
cess shall be allowed to enter the building drainage system.

Principle No. 15: Proper protection shall be provided to
prevent contamination of food, water, sterile goods, and
similar materials by backflow of sewage. When necessary,
the fixture, device, or appliance shall be connected in-
directly with the building drainage system.

Principle No. 16: No water closet shall be located in a
room or compartment which is not properly lighted and
ventilated.

Principle No. 17: If water closets or other plumbing fix-
tures are installed in buildings where there is no sewer
within a reasonable distance, suitable provision shall be
made for disposing of the building sewage by some accepted
method of sewage treatment and disposal.

Principle No. 18: Where a plumbing drainage system may
be subjected to backflow of sewage, suitable provision
shall be made to prevent its overflow in the building.

Principle No. 19: Plumbing systems shall be maintained
in a sanitary and serviceable condition. See definition
"Plumbing."

Principle No. 20: All plumbing fixtures shall be so in-
stalled with regard to spacing as to be reasonably
accessible for their intended use.

Principle No, 21: Plumbing shall be installed with due
regard to preservation of the strength of structural
members and prevention of damage to walls and other sur-
faces through fixture usage.
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Principle No. 22: Sewage or other waste from a plumbing
system which may be deleterious to surface or subsurface
waters shall not be discharged into the ground or into
any waterway unless it has first been rendered innocuous
through subjection to some acceptable form of treatment.

The Plumbing Inspector who understands the principles enumerated will have
no difficulty in properly interpreting the Uniform Plumbing Code.

In subsequent chapters exact reproductions are made from sections of the
Uniform Plumbing Code, 1973 Edition. The entire Code is not reproduced;
those sections shown are complete. The Inspector will find much that is
valuable in the sections of the Uniform Code which are included.

Where a vertical line is shown alongside a paragraph or a sentence, it
indicates a change, or addition from the 1970 Edition. Technological ad-
vances, new materials, better methods of construction, and more accurate
and extensive testing methods, along with economic considerations, have
contributed to quicker acceptance of change in the Plumbing industry than
formerly, so that a revision every three years is a necessity.

Space is provided on the right side of each reproduced section so that
appropriate notes can be made by the user.
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CHAPTER 3

PLUMBING THEORY

The Plumbing Inspector is primarily concerned with the evaluation of the
utility and plumbing and piping systems while the construction work is
in progress; he may accept or reject it based on conformity with the
standards generally acceptable.

A competent Inspector must be thoroughly familiar with the interpretation
of plans and the symbols used. He must also be able to comprehend pre-

cisely what the specifications mean. If there are any questions regard-
ing interpretation or meaning that need clarification, they shall be
referred to the proper Authority as designated in the documents.

As discussed previously, the combination of job experience and technical
and non-technical courses relating to Inspection will in the end benefit
the person who wishes to make a career in this field.

A working knowledge of the principles that affect all plumbing and piping
systems in some degree is desirable. Mainly these are the laws of hy-
draulics and pneumatics, plus some knowledge of the properties of the
materials used in plumbing systems.

A plumbing and piping system may be simple, as in a small residence, or
highly complex, as in a modern large hospital. As the number of fixtures
is increased, the branching of supply and drainage pipes is increased,
and the protective devices are increased. The complications of the
piping is increased as the kinds of fluids are increased.

Safeguards .f various kinds are provided because unsafe systems result in
dangers to health, due to polluted water supplies from cross connections;
the escape of odors and vapors into the enclosed space; rodents or in-
sects in the drainage pipes; and troublesome noises due to improper pipe
sizes or poor isolation from the structure. Water heaters may explode
when excess pressure builds up due to improper or no protective de,iices.

Sewer gas is a mixture of several gases, some of which are combustible
and explosive in the presence of oxygen. Others are poisonous, such as

hydrogen sulfide and carbon monoxide. The sewer gas is sealed from the
building by plumbing traps placed in the drain lines; the traps contain
water for the seal; the maintenance of the water seal is vital. Vent

pipes are provided to keep water in the traps, except that lost by evap-
oration. The vent pipe, when properly installed, prevents variations of
pressure in the drainage pipes that can cause the seal to be broken
because of blowing or sucking the water from the trap. Vent stacks also
aid in the ventilation of the common sewers.
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Water: Water is the substance with which the Plumber must be familiar,
as it is carried in the various piping systems; it may be mixed with
solids and air, which may or may not be potable. Care must be exercised
to maintain the polluted water or wastes within separate systems from the
pure water scurces.

Water may exist in three states at familiar temperatures; ice (solid);
water (liquid); steam or water vapor (gas); in its liquid state it must
be contained as it conforms to the shape of vessel or pipe; it is affec-
ted by gravity, so seeks the lowest point. When in a gaseous state,
the weight and volume are dependent on the pressure exerted and by var-
iations in temperature; water will exist in any one of the three states,
dependent on the temperature. Since expansion takes place in the solid
state, freezing of pipes must be prevented and the care necessary is a
function of the climatic conditions in the area in which the work is
performed. Hot water and steam will cause expansion of the metal pipes;
allowance must be made for this. Water expands when heated so that the
warmer water will rise to the top, for instance, in a hot water tank.
The boiling point of water will vary, depending on the pressure exerted
on it. At zero gauge pressure it will boil at 212 degrees F.; at 100
pounds per square inch, the boiling point is 338 degrees F.

The phenomenon of expansion and contraction, based on heating or cooling
makes it necessary to provide protective devices on hot water heaters,
for example. Temperature and pressure relief valves are a common method
used, and are required by the Uniform Plumbing Code. Water expands when
either heated or cooled from 39 degrees F. It is the cause of broken
water pipes under freezing conditions, or the rupture of overheated water
heaters.

When particles of a substance are mixed, but not dissolved in a liquid
it is known as suspension. When two or more substances are thoroughly
mixed it is called a solution; an example is salt water.

Water in its pure state is considered a solvent, because the hydrogen
atoms attract the oxygen atoms in other substances; distilled (pure)
water will attack most other substances. The PH scale is used for
measuring the acidity or alkalinity of water. When acid (PH of 5.0 or
lower) it is quite corrosive, and will attack the galvanizing on water
pipes. A PH of 7.0 is neutral, and above 7.0 up to 10.6 is considered
safe for home use. The PH scale is calibrated from 0 to 14 for general
use. Kits for most uses are readily available, particularly since
swimming pools have become more popular.

Hard water contains carbonates of calcium, or magnesium, and no lather
can be formed. Calcium will cause deposits within pipe lines. All are
familiar with the deposits which form in a teakettle after a period of
use wit': hard water.
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Water which is "hard" can be treated to lower its PH value. Water soft-

eners, are a familiar way to treat hardness.

The discussion so far has been concerned mainly with water. There are
other fluids which have characteristics that require means of measuring

them.

The rate at which a liquid flows is affected by its viscosity, which is
its relative thickness. The higher the viscosity, the thicker it is, and
the greater will be its resistance to flow. The viscosity is increased
during cold weather, and decreased during hot weather.

Adhesion is the property that causes dissimilar metals to be attracted to
each other. Solder, for example, causes the joining together of two
pieces of copper, as in a joint.

Cohesion is the property by which similar materials are attracted to each
other. This is what makes a fully tinned joint possible.

Capillary action, or the rising of a liquid in a small space, is the re-
sult of both adhesion and cohesion. Solder rises vertically in a soldered

joint by capillary action.

Specific gravity is another term associated with substances and is the
ratio of the density of a substance to the density of air and water, each
of which has been assigned a specific gravity of 1; it is the ratio of
the weight of a solid or liquid with the weight of an equal volume of
water.

The Plumhing Inspector will find this ratio useful in a manometer instru-
ment which uses mercury as the substance. Since mercury has a specific
gravity of 13.6, it can measure the same amount of test pressure with a
column one foot in height as a water column 13.6 feet high. Since the
height determines the pressure, a small column one inch diameter or less,
will exert the same pressure as a four inch diameter column of water. It

exerts a pressure of .434 psi for each foot of height regardless of the
diameter.

The weight at the bottom of a stack is equal to the area times the pres-
sure. If additional pressure is added by outside means, as a pressure
pump, it is added to the pressure if applied at the top of a column; but
if applied at the bottom the existing pressure at the bottom of the column
is deducted from the applied pressure.

The two laws of physics governing pressure are Pascal's Law which states
that any pressure in a fluid acts with equal intensity in all directions
throughout the fluid; Boyle's Law states that the volume of a confined gas
is inversely proportional to the pressure exerted on it, assuming the
temperature remains the same.
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The above laws have a practical application in plumbing work with hydrau-
lic pumps, sizing of kick blocks for underground water mains; sizing of
air chambers to prevent water hammer; siphonage problems due to the
creation of a vacuum and in most testing procedures.

An understanding of simple plumbing theory will enable the Plumbing
Inspector to detect trouble of poor design or installation before it
becomes serious.

-19-



CHAPTER 4

PIPE, FITTINGS AND VALVES

General: The usA of the proper pipe materials is important for the safety
of building inhabitants and the protection of the investment of the Owner.

Project specifications will usually delineate the materials for all the
services for an individual building or group of buildings. Pipe is usually
specified by material, strength designation, and in some instances an ASTM
specification dumber. Fittings are most often specified by material, type,
strength designation, manufacturer, and USASI specification. Valves are

normally specified by manufacturer, model number and type. Specifying a

valve in this manner defines the pressure rating, material, and other
characteristics necessary for proper performance. The Inspector must nave
the specified catalog of the manufacturer in order to make an evaluation
of a substituted item should this occur.

In 1935 the ASA, under the sponsorship of the ASME, issued the first
American standard "Code for Pressure Piping," ASA, B31.1 covering steam,
gas and air, oil, refrigeration and district heating piping systems. The

standard also contains fabrication details of pipe supports, bends, joints,
valves, and fittings. It is recommended the Inspector obtain a copy of
this publication along with ASA, B9.1, "Safety Code for Mechanical Refrig-
eration," for his reference library. There are many other useful ASA
publications available. A request for a current index list will make the
student aware of what is available. The address is American Society of
Mechanical Engineers, 29 West 39th Street, New York, N.Y.

Pipe:

Cast-Iron Pipe: Cast-iron pipe is extensively used for water, gas, sew-
age, culverts, and drains, in a wide range of sizes and for varying pres-

sures; it is particularly adapted to underground and submerged -ervice
because of its comparatively high cc,. osion-resisting qualities. It is

more durable than wrought-iron, or steel pipe, but its first cost is
greater for the ordinary sizes required in a pressure pipe line or in a
distributing system. The tensile strength of commercial cast-iron pipe is
uncertain and, because of its law elasticity, it is not suitable for lines
subject to the strains cf expansion, contraction, and vibration, unless it
is of very heavy weight. This pipe is manufactured in various thicknesses
and weights with either flanged, threaded, bell- and spigot, or plain ends.
The latter is generally used for underground work. For exposed piping,
flanged ends are used, the joints being made up with gaskets. Flanged pipe

has superior strength and tightness of the joint and is used where pipe
lines can be well supported. The bell-and-spigot joint possesses greater
flexibility, provides for expansion and contraction, and is therefore
especially suitable for water pipe; it is largely used for that purpose.
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Cast-iron water pipe is manufactured in accordance with a number of stand-
ard specifications and in a number of different weights and lengths. Pit-

cast pipe is less generally used because of its greater weight and cost
compared with centrifugally cast pipe, but fittings that are pit-cast
according to the AWWA specifications of 1908 are used almost exclusively
with cast-iron water pipe. When cast-iron water pipe is selected for any
particular service, the internal pressures and other stresses to which it
may be exposed should be compared with the characteristics given to the
different classes of pipes and fittings in standard specifications. Three
types of end are standard on cast-iron water pipe and fittings: bell-and-

spigot, flanged, and screwed.

Cast-iron pipe that is manufactured primarily for use as drainage pipe in
plumbing is lighter than cast-iron water pipe. It is generally known as

soil pipe.

Three weights of soil pipe are recognized as standard: standard, medium,

and extra heavy. Extra-heavy pipe is normally used, when a first-class,
permanent job is desired; this may be where the building is subject to
vibration or settling, or where corrosive attack may be expected.

At present, cast iron soil pipe is used in tall buildings for drainage,
waste and vent purposes without concern for building height and is, in
fact, the preferred material. This is in contrast to the early 1940's
when it was the consensus that cast iron soil pipe should be used in
buildings limited to about 25 stories in height.

Cast-iron fittings with either bell-and-spigot or threaded ends or plain
ends are manufactured for soil pipe. The threaded ends are tapped with
a standard thread to fit wrought pipe. The use of bell and spigot and
no-hub ends on soil pipe is common in plumbing. Cutting of cast-iron

soil pipe with hammer and chisel requires training and skill. A special

wheel cutting tool is available which simplifies the work.

Threaded cast-iron fittings, kn i as drainage fittings are made with a
shoulder and recess and are tapped so that the pipe screws up tightly to
this shoulder, making a continuous interior surface of the same diameter
as the pipe. These fittings are known also as Durham fittings.

Vitrified-Clay Pipe: Vitrified clay pipe is used principally for building
sewer lines and other drains outside the building. The use of vitrified-
clay pipe within a building is prohibited because of the uncertainty that
the joint will remain watertight and gastight. The brittleness and in-
flexibility of the pipe throw the strain of any movement into the joints
when the joints are made of cement. These are subject to cracking and

the joint is no longer tight.
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Double-strength pipe and pipes with extra-wide and deep bells are also
used. Extra-heavy pipes are used where unusually heavy stresses are
anticipated but the stresses are insutticiently heavy to demand the use
c,f cast-iron pipe. Deep and wide sockets are used for cement joints in
wet trenches.

Advantages in the use of vitrified-clay pipe are its durability, its re-
latively low cost as compared with metal pipes, and the simplicity of its
installation. Clay pipe is unaffected by ordinary corrosive substances
and many highly corrosive compounds that may be found in sewage. Clay is

not affected by most acids or alkalies. It is the cheapest material
available, except possibly some cement products and bituminized-fiber pipe.
It can be installed satisfactorily by unskilled workmen.

Cement Asbestos Pipe: The first cement-asbestos pipe was manufactured in
1913 in Genoa, Italy. It has since become available in this country
under the trade names of Transite, and Certain-Teed in sizes from 3 in.
to 36 in. and in pressure classes of 50, 100, 150, and 200 psi. Test

pressuLes range from 2-1/2 to 4 times the rated working pressure, depend-
ing on the practice of different manufacturers. This is said to be 40 to
50 per cent of the actual bursting pressure. Standard lengths are 13 ft.
with shorter lengths available for radius laying. There is no generally
accepted standard for wall thickness and each manufacturer uses his own
schedule which is based on the strength of his material. Since the nom-
inal inside diameters are uniform, the products of different manufacturers
have somewhat different outside diameters and the couplings are not
necessarily interchangeable.

Cement-asbestos pipe is made with machined ends but it can be cut to any
desired length and machined on the job site. Pipe walls may be drilled
and tapped for threaded service connections.

Pressure type pipe must comply with ASTM Spec. C-296 and pressureless with
ASTM C-428. Each length of pipe is required to bare the trade name, size
and class designation on the pipe barrel. Coupling and gaskets must be
similarly marked.

Asbestos-cement pipe of one well known manufacturer is composed of 15 to
20% asbestos fiber, 32 to 34% silica and bound together with 48 to 51%
cement. The pipe, after being formed on a steel mandrel is then cured
with high pressure steam.

Cement Pipe and Concrete Pipe: Cement pipe and concrete pipe are used
under conditions similar to those for vitrified-clay pipe, except that
cement and concrete pipe may be more subject to corrosion by acids. They
have also been badly affected by the decomposition of stale sewage where
the concrete has been subjected to gases and vapors. The use of concrete
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pipe for the small sizes that are needed for ordinary building sewers is
no more economical than vitrified-clay under most conditions; because of
its susceptibility to corrosion, the use of cement and of concrete is
usually restricted to storm water collection.

Reinforced-concrete pipe to carry water under pressure is manufactured
under ASTM Specifications C75 and C76.

Both pressure and non-pressure type are equipped with rubber gaskets
which slip over the pipe end and inside the coupling.

Casting of concrete conduits and storm sewers in the ditch has become
common practice in the last few years with the advent of the machinery
necessary for this application.

Wrought Iron Pipe: Wrought-iron pipe may be used for drainage, soil,
waste, and vent pipes and for the conveyance of water and other fluids
that are not corrosive to it, all above ground. It is no longer in
common use, however.

The method of manufacture and the materials in wrought-iron and steel are
similar. Good quality puddled steel has better lasting qualities than
inferior wrought iron, however; good quality wrought iron is superior in
resistance to corrosion. Standard dimensions of pipes made from each
material are the same, so that fittings for wrought-iron and steel pipes
are interchangeable. Wrought-iron pipe is covered under ASA Specifica-
tion B36.10.

Wrought-iron is made from pig iron which is melted in contact with iron
oxide slag, then rolled into sheets called skelp.

Wrought-iron and steel pipe are known by inside diameter but are actually
made with varying inside diameters and a fixed outside diameter. Pipes

over 12 inch diameter are identified by their outside diameter.

Wrought-iron pipe may be supplied in standard weight, extra heavy or
double extra heavy. In all cases the O.D. of the pipe is constant.

Bituminized-Fiber Pipe: Bituminized-fiber pipe is known by many names,
the most common of which are Orangeburg and "paper pipe." The pipe is a
compound of bituminized impregnated fibers pressed into a hard, smooth
bare material.

This pipe is used primarily for residential work, outside the building
foundation, for the building sewer line. It is a very inexpensive

material that lays rapidly. A heavy duty perforated pipe is made for
foundation, road way, and other subsoil drainage.
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Orangeburg is not widely accepted for commercial work since failure can
occur if the pipe fibers take on moisture. Depth of bury is also an
important factor since vertical loads are critical. The UPC and local
codes and ordinances should be checked for acceptability.

Corrugated Metal Pipe: Corrugated metal pipe was first developed and used
for culverts in 1896. As experience was gained in the use of this thin-
wall, lightweight, shop-fabricated pipe, the diameters gradually increased
to 96 in. and larger. Fill heights became greater, even exceeding 100 ft.
A further development, in 1931, was structural plate pipe with larger
corrugations, for field assembly. Diameters and arch spans beyond 25 ft.
have been successfully installed.

Specifications for corrugated steel conduits have been prepared by various
national engineering authorities in collaboration with steel producers and
pipe manufacturers. These are periodically reviewed and brought up to
date in the light of research and new product developments. A list of
those in common use is found in the table at the end of this chapter.

These specifications cover: general description, material, fabrication,
testing, and in some cases, design and construction. In part, the mater-
ial specification includes chemical composition of the base metal, and
the kind and amount of coatings. The fabrication specification includes
shape, dimensions and weights, corrugation configurations, seams, end
finish and couplings.

Design specifications and tables should include maximum and minimum
heights of earth cover from surface to top of structure for the various
combinations of diameter or span and gage.

Construction specifications generally include foundation and bedding pre-
paration, how the backfill should be made and other installation informa-
tion.

Corrugated steel drainage conduits are made in sizes from 6 in. through
24 ft. in round, vertically elongated, pipe arch, horseshoe and arch.
Corrugated pipe, when necessary may be lined with a bituminous coating.
This can be applied in a heavy pour so as to fill in the spaces between
the corrugations for a smooth bore.

Fittings for pipes up to 10 inch diameter are usually available prefab-
ricated. Larger fittings require shop fabrication techniques.

Pipe section length varies with diameter and may be special ordered to
suit job or transportation conditions.
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Steel Pipe: Steel pipe, ASTM Specification A-120 and A-53 is the most
commonly used material for general pressure piping in building construc-
tion. This piping is normally supplied either black or hot-dip galvanized.

The material used for steel pipe is made from steel produced in the open-
hearth, basic oxygen furnace, Bessemer converter, or electric arc furnace.

It is usually made either by piercing or extruding from steel billets or
by cupping from circular discs. Seamless steel pipe is frequently used
for high pressure work or where pipe is desired for close coiling, cold
bending, or other severe forming operations. It is available in pipe
sizes up to 24 in. O.D.

Welded steel pipe is available in several types although the smaller sizes
most frequently used in heating and air conditioning work are made by
the lap-weld, electric resistance weld or butt weld process. Furnace
welded pipe, usually low cost, is used for low pressure service. It is

available in pipe sizes 4 in. diameter and smaller. Other types are
available in sizes through 24 in. diameter.

Pipe lengths in standard lengths may be from 16 to 22 feet but are nor-
mally 20 or 21 feet. Extra heavy and double extra heavy pipe are normally
supplied in 12 to 22 foot lengths.

Pipe markings should appear on each length identifying the name brand or
manufacturer, length and the ASTM number. ASTM A-120 pipe is normally
used for threaded connection and in straight sections. ASTM A-53 pipe is
normally used f:A. applications where bending is necessary and welding is
employed in joining.

The physical properties are shown in the tables at the end of this chapter.

Plastic Pipe: The plastic pipe industry has produced many materials in
recent years which can be formed into pipe and fittings. Some of these
are practical for use in plumbing installations that offer flexibility
in handling, lower labor costs, and resistance to corrosive fluids. Pres-
sure and temperature are basic limitations to be considered. Voluntary
industry codes have been written outlining these limitations with appro-
priate specifications.

Basically there are two kinds of plastics:

1. Thermoplastic, which melts under heat and hardens when
cooled and can be melted and reworked again and again.

2. Thermoset, which hardens and fuses under heat and pressure
into a permanent shape and cannot be re-melted.
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Some thermoplastics have properties of flexibility and
moderate strength for water service where temperatures
and pressures are moderate. Thermoplastics may be
joined by solvent welding and hot-gas welding. Both

pipe and fittings are generally available in IPS sizes.

Epoxy or polyester resins form the major ingredient of
thermosetting piping, usually reinforced with glass or
blue asbestos fibers. They are available in commercial
pipe sizes and are joined by either standard screwed or
socket-type fittings. Commercial polyester pipe is
suitable for temperatures up to 250 F.

The Plastics Pipe Institute lists the following stan-
dards for plastics piping:

Polyethylene (PE) = ASTM D2104-68, USASI B72.1-1967
Polyvinyl-chloride (PVC)= ASTM D1785-68, USASI B72.2-1967
Acrylonitrite-
Butadiene Styrene (ABS)= ASTM D1527-67, USASI B72.3-1967

Specifications are also available for fittings and other
types of plastic pressure pipe.

The most commonly used and recognized plastic in use today is PVC (Poly-
vinyl Chloride). PVC has relatively high tensile strength and modulus of
elasticity and, therefore, is stronger and more rigid than most other
thermoplastics. The maximum service temperature is 150 F. for Type I.
PVC has excellent chemical resistance to a wide range of corrosive
fluids, but may be damaged by ketones, aromatics and some chlorinated
hydro-carbons. It has proved an excellent material for process piping
(liquids, gases and slurries), water service, and industrial and lab-
oratory chemical waste drainage.

CPVC (Chlorinated Polyvinyl Chloride) is particularly useful for handling
corrosive fluids at temperatures 40 to 60 above the limits for other
vinyl plastics. In chemical resistance, it is comparable to PVC. Sug-
gested uses include process piping for hot corrosive liquids, hot and cold
water lines in office buildings and residences, and similar applications
above the temperature range of PVC. CPVC pipe should be joined by solvent
welding or threading. UPC may limit its use and should be consulted.

Penton (Chlorinahed Polyether), has very good chemical resistance and is
useful up to 250 F. Values of physical properties are "medium" at room
temperacure, but these decrease only gradually as the temperature in-
creases. Penton has a contractor's cost two to three times as much as
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PVC piping; it is useful where chemical resistance at elevated tempera-
tures is required and at normal temperatures where PVC and other materials
lack satisfactory resistance to specific chemicals. It is joined by
threading with fittings to match.

Polypropylene is the lightest thermoplastic piping material, yet has
higher strength and better general chemisal resistance than polyethylene;
it may be used at temperatures 30 to 50 above the recommended limits of
polyethylene. Polypropylene is an excellent material for laboratory and
industrial drainage piping where mixtures of acids, bases and solvents
are involved. It has found wide application in the petroleum industry
where its resistance to sulfur-bearing compounds is particularly useful,
in salt water disposal lines, low-pressure gas gathering systems and crude
oil flow piping. It is best joined by heat sealing fusion welding.

Glass Pipe: Glass pipe in use today is available in pressure and pressure-
less type. Pressure type is generally in use in the food, dairy and
chemical industries. Pressure ratings vary, depending on the type system,
from 50 psig to 150 psig. Joints are all a variation of the flanged joint.
There is a good variety of fittings ald valves available for the pressure
type pipe.

Pressureless glass piping systems are used for corrosive liquid drainage.
Normally this occurs in laboratory sewerage systems where acids or other
caustic and corrosive chemicals are likely to be discharged. This system
is available with a full compliment of fittings and a stainless steel
banding joint method. This system will withstand a pressure of 15 psig.

Other pipe materials not commonly used in the building industry are wood,
lead, copper-nickel, aluminum and rubber. When a material is to be used
on a project that is not familiar to the Inspector outside reference
should be consulted. Two good references are "Piping Handbook", by Sabin
Crocker, McGraw-Hill Book Co., and "Mark's Handbook" by Lionel S. Marks,
McGraw-Hill Book Co.

Pipe Fittings:

Welding Fittings: Pipe is joined by welding one length to another, or by
using fittings. Pipe fittings are made in a variety of forms such as
elbows, tees, couplings, reducers, and unions, and may be screwed, flanged,
or welded. The type of fitting to be used is determined by the pressure
of the fluid being carried, or by the intended use of the pipe line. The

materials generally used are steel, cast iron, malleable iron (heat treated
cast iron), copper, brass, stainless steel, alloy steel, or bronze. The
material used also depends upon the pressure and fluid characteristics.
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Fittings are designated and sized in accordance with USASI specifications
and are identified by their nominal pipe sizes.

In the case of reducing tees, crosses, and Y-branches (laterals), the
size of the largest run opening is given first, followed by the size of
the opening at the opposite end of the run. Where the fitting is a tee or
Y-branch (lateral), the size of the outlet is given last. Where the

fitting is a cross, the largest side-outlet is the third dimension given
followed by the opening opposite.

Where an external thread is wanted, the word male follows the size of that
opening; female indicates an internal thread.

Allowable pressures for solder-type fittings are given in USAS B16.18-
1967, Cast Bronze Solder-Joint Pressure Fittings, and B16.22-1963,
Wrought Copper and Bronze Solder-Joint Pressure Fittings.

Steel welding (butt or socket type) fittings may be used for the same
pressure as the pipe, provided wall thickness (or schedule number), and

also the material, are the same as the pipe on which they are used.

Screwed Fittings: Screwed fittings include: couplings, elbows (45 0 or

90
o
), return bends (close and open), tees, crosses, laterals (Y-branches),

plugs, caps, lock nuts, flanges, bushings, and reducing fittings (elbows,
tees, and couplings). Reducing fittings and bushings may be eccentrically
tapped to permit drainage of condensate or eliminate air and vapor traps.

Sometimes nipples are erroneously called fittings. Actually a nipple is
a piece of pipe 12 in. long or less, that has been threaded on both ends.
Pipe longer than 12 in. is regarded as cut pipe. Nipples are classified
as close or full thread, shoulder, short, and long. A close nipple is
about twice the length of the pipe thread since the threads actually
meet. A shoulder nipple has a shoulder between the threads and is further
classified as short or long. All shoulder nipples are cut to specific
lengths and sold in that manner.

Fittings for copper tubing are available in soldered, flared, or compres-
sion types. Fittings for copper pipe of IPS dimensions are available in
screwed or soldered types.

Flanged Joints: As a general rule, flanged joints are used when it is
expected that the line will be disassembled quite often. There are four
types of joints for attaching the flange to the pipe: screwed, welded,
grooved, or lapped.
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There are many types of flange facings. The simplest, and the one most
commonly used, is the plain face. Others include: male and female face
(an insert type face), tongue-and-groove (an adaptation of the male and
female type) lapped pipe to flange, lapped pipe to pipe, and ring and
groove using neck flanges.

Because it is too expensive to machine flange faces sufficiently to pro-
vide watertight joints a gasket is usually inserted between the contact
faces of the flanges. The flange bolts then draw the faces up so tight
that the gasket deforms into the face imperfections and thereby provides
a tight joint.

Gaskets: Gaskets are made of numerous materials, such as: cork, paper,
fiber, asbestos, metal (iron, steel, copper, etc.), plastics, neoprene,
and combinations of metal and some soft material. The proper gasket mat-
erial to use depends upon the service of the pipe. The material should
not be detrimentally affected by the chemical and thermal conditions of
the fluid being carried.

Expansion Joints: Expansion joints are necessary in systems where an
appreciable temperature variation is likely to be encountered either in
the fluid transported or from exposure to the sun. Expansion joints may
be either a manufactured item in the form of a bellows device or a packed
or packless piston type. Guides are required for these devices so as to
keep the stresses on the center-line axis. Anchors are necessary at the
extreme ends of the pipe run and should be inspected for proper fasiening
to the building and the pipe.

Bends: U bends are often used in lieu of expansion joints. These are
calculated for distances between the bends and the length of the U legs.
No deviation should be allowed from the dimensions indicated on the draw-
ings. This expansion method requires proper pipe anchoring but guides are
not generally used.

Some piping systems require pipe to be bent at a change in direction
rather than the use of a fitting. Bends should be inspected carefully
for wrinkles on the throat and flattening on the heel. If this is detected
the bend shall be rejected.

Dresser Couplings: It is advantageous at times to joint pressure pipe
with a limited movement flexible coupling to dampen vibrations or allow
for pipe misalignment. Dresser couplings are used for this purpose. The
coupling is rubber lined with a flange on both ends connected with through
bolts. The coupling slips on the bare pipe end and the bolts tightened
to compress the rubber gasket. Ideally, the rubber is the only material
touching the pipe wall which gives a flexible joint and dampens out pipe
vibrations.
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Valves:

Valves are made with the same end connections as fittings. A brief des-

cription of each type follows:

1. Flanged Ends: Made in sizes from 1/2 in. diameter to
the largest pipe diameter. Used whenever line fittings
are flanged, or if freque^t removal is contemplated.
Flanged valves facilitate installation when large sizes
are used.

2. Screwed Ends: Most common-type end. Can be used for
all pressures. Usually confined to smaller size be-
cause of difficulty in making large screwed joints.

3. Welding Ends: Available in steel only. Generally
employed for high-temperature, high-pressure work.
Difficult to disassemble in a welded line.

4. Brazing Ends: These ends are available on brass
valves. The ends have a special shape to facilitate
use of brazing alloys. These valves are used for
higher temperatures than solder end valves.

5. s.ldel Ends: For use with copper tube in plumbing,
heating, and air conditioning. Should not he used at
high temperatures.

6. Flared Ends: For use with light-wall tubing, either
metal or plastic, and for sizes 2 in. NPS or SAE and
below. A flaring tool flares the tube end, and a
ring nut pulls the flared tubing up against a seat
on the valve. This makes a lap joint.

7. Hub Ends: Generally used for water supply and
sewage piping. This type joint is used with cast-
iron pipe. The joint is a socket type, made by
inserting the pipe in the hub, then caulking with
oakum. After being caulked, the joint is sealed
with molten lead.

Valves are made of brass, iron, steel, and to some extend malleable iron:
Brass should not be used for temperatures above 550 F. The brass used in
valves is similar to that used in brass pipe and contains some tin and
lead as well as copper adO zinc.

-30-



Gate valves, plug valves, and ball valves are normally used where low line
pressure losses are required. These valve have inherently larger ports
than other types, with some, having ports equal to the free area of the
pipe to which they are connected.

Gate valves are normally used for either full open or full closed service.
The design of this valve does not make it suitable nor effective as a
throttling device. Gate valves may normally be installed with inlet flow
on either side. Gate valves are suitable for use in sewage lines.

Plug valves are suitable for throttling service and are extensively used
as balance valves. These valves often are of the lubricated type (lubri-
cated plug cock) so care should be taken to insure the proper lubricant is
used for pressure, temperature and fluid compatibility.

Ball valVes are also used as throttling devices and also require proper
lubrication. These valves must be installed with the designated inlet end
connected to the higher pressure pipe end so when closed the pipe pressure
forces the valve to seat properly. Both ball valves and plug cocks re-
quire periodic relubrication to prevent "freeze up".

Butterfly valves also have very low pressure drDp characteristics due to
large bore bodies. The butterfly is, however, in the fluid stream. These

valves should not be applied for sewage work. Throttling with the butter-
fly valve is possible providing a ratchet or gear type operator is used
but the performance is ragged in comparison to the plug valve.

Butterfly valve bodies are made in lugless and lug type configurations.
They are applied between piping flanges and require close inspection to
insure parallel flange take up on both faces. Flow direction is usually
from either side but the installation instructions supplied with the
valves should be consulted.

Globe valves and needle valves are most suitable for throttling service
and tight shut off through many open-close cycles. This configuration is
seldom used unless tight shut-off is mandatory due to the inherent high
pressure drop characteristics. Globe valves must be installed in the
system with the pressure side under the seat. In the case of an angle
pattern globe this may not put the handle in the most convenient location
but the pressure must be under the valve seat.

Saunders type valves are normally used in the food and beverage industries.
The body configuration makes them particularly suitable for this service
since the valve may be completely disassembled and cleaned with ease;
there are no -revices in which contaminating solid particles may become
lodged. Instillation can be made with flow inlet from either end.
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Check valve configurations are swing, wafer, ball and lift. Swing checks
are most commonly used but the wafer type is gaining in usage. Outside
weight and lever swing checks are the only type check valves suitable for
use in sewage systems; when open, they present a pipe bore size opening,
with no internal restrictions. With the lever counter weight these
valves may be installed in vertical piping.

Most wafer or "silent" check valves are spring loaded which allows their
use in horizontal or vertical piping. Due to spring pressure on the seat
these checks are slow closing when flow ceases, so prevent water hammer.

Ball checks are suitable for installation in either horizontal or vertical
piping. Lift checks should only be used in horizontal piping.

Check va?ves should always be installed with the direction of flow under
the seat. It should be emphasized that most check valves should not be
considered as a tight shut off but rather a temporary deterent to flow.
Finely machined, special purpose checks, handling clean fluids, are
depended upon for tight shut off service but this does not apply to the
normal piping system.
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Dimensions and Properties
Surface Area Section

Wo)! Sq Lin Ft Sq
Thickness

In. ; OD ID ' OD I

0.068 0.106 0.0704 0.129

of Steel
Area

In.
I

ID

0.0568

Pipe

DiameterNominal" ASTM b

Size Schedule OD
In.

1 b 40 (s) 0.4050

ID
In.

0.2);!)

Area of
Metal
Sq In.

0.0720

Volume

Go), tin Ft

0.00295

Weight'
(plain end) i

1.1)j lin Ft

0.244

Working
Pressure

Psio

314'1'1'
SO (x) 0.405 0.215 0.095 0.106 0.0563 0.129 0.0363 0.0925 0.00189 0.314 1084

I/
0.5404 41) (s) 0.364 0.058 0.141 0.0053 0.229 0.104 0.125 0.00541 0.424 649

(x) 0.540 0.302 0.119 0.141 0.0791 0.229 0.0716 0.157 0.00372 0.535 1353

h 40 (s ) 0.675 0.493 0.091 0.177 0.129 0.358 0.191 0.167 0.00992 0.567 574
SO (x) 0.675 0.423 0.126 0.177 0.111 0.358 0140 0.217 0.00730 0.738 1191

4() (s) 0.840 0.622 0.109 0.22(1 0.103 0.574 0 304 0.250 0.0158 0.850 697
(x)

xx 0.840
0.54))

0.546
0.252

0.147
0.294

0.220
0.220

0.113
0.0660

0.55.1

0.554
0.234
0.0499

0.320
0.504

0.0122
0.00259

1.09
1.71

1266

3824

40 (8) 1 050 0.824 0.113 0.275 0.216 0.886 0.533 0.333 0.0277 1.13 604
(x) 1 050 0.742 0 154 0.275 0.194 0.566 0.432 0.434 0.0225 1.47 1078XX 1.050 0.434 0.308 0.275 0.114 0 866 6.148 0.718 0.00768 2.44 3134

1 4)) (A) 1.315 1.049 0.133 0.314 0.275 1.36 0.864 0.494 0.0449 1.68 651
5)) x) 1.315 0.957 0.179 0.314 0.251 1.36 0.719 0.639 0.0374 2.17 1083XX 1.J15 0.599 0.358 0.344 1 0.157 1.36 0.282 1.68 0.0146 3.66 2963

1!'i 40 1.6(1 1.:380 0.140 0.435 0.361 2.16 1.50 0.609 0.0777 2.27 440
SO (x) 1.660 1.275 0.191 0.135 ' 0.335 2.16 1.28 0.881 0.0666 3.00 8)15XX 1.660 0.896 0.352 0.135 0.235 2.16 0.630 1.53 0.0328 5.21 2315

I!1 40 ts) 1.900 1.610 0.145 0.497 0.421 2.84 2.04 0.800 0.1058 2.72 417
! SO (x) 1.900 1.543) 0. 200 0.497 ((.393 2.84 1.77 1.07 0.0918 3.65 756XX 1.900 1.100 0.400 0.497 0.288 2.84 0.950 1.89 0.0494 6.41 2122

2 40 (s) 2.375 2.067 0.154 0.622 0.541 4.43 3.36 1.07 0.174 3.65 37650 (x) 2.375 1.939 0.218 0.622 0.5818 4.43 2.95 1.48 0.153 5.02 690XX 2.375 1.503 0.436 0.622 0.393 .43 1.77 2.66 0.0922 9.03 1861

V 40 (s) 2.875 2.469 0.203 0.753 0.646 6.49 4.79 1.70 0.249 5.79 505
50 (x) 2.575 2.323 0.276 0.753 6.19 .21 2.25 0.220 7.66 806XX 2.575 1.771 0.552 0.753 0.364 6.49 2.46 4.03 0.128 13.7 2048

3 40 (s) 3.500 3.068 0.216 0.916 ((.503 9.62 7.39 2.23 0.384 7.57 454
so (x) 3.500 2.90(1 0.3N) 0.916 0.750 9.62 6.61 3.02 0.343 10.3 734XX 3.500 2.300 0.600 0.916 0.602 9.62 4.15 5.47 0.216 18.5 1829

3!'42 40 (s) 4.000 3.548 0.226 1.05 0.929 12.6 9.89 2.68 0.514 9.11 425
(x) 4.000 3.36 4) 318 1.05 0.881 12.6 8.89 3.68 0.462 12.5 692XX' 4.0(10 2.728 0.636 1.05 0.714 12.6 5.85 6.72 0.304 22.9 1699

4 40 (s) 4.500 4.026 0.237 1.18 1.05 15.9 12.7 3.17 0.661 10.8 403
80 (x) 4.54(0 3.826 0.337 1.18 1.00 15.9 11.5 4.41 0.597 14.9 663XX 4.500 3.152 0.674 1.18 0.825 15.9 7.80 8.10 0.405 27.5 1602

5 40 (s) 5.563 5.047 0.258 1.46 1.32 24.3 20.0 4.30 1.04 14.6 tu!

80 (x) 5.563 4.813 0.375 1.46 1.26 24.3 18.2 6.11 0.945 20.8 825
XX 5.563 4.063 0.750 1.46 1.06 24.3 13.0 11.3 0.673 38.6 1951

6 40 (s) 6.625 6.065 0.280 1.73 1.59 34.5 28.9 5.58 1.50 18.0 467
50 (x) 6.625 5.761 0.432 1.73 1.51 34.5 26.1 8.40 1.35 28.6 825
XX 6.625 4.897 0.864 1.73 1.28 34.5 18.8 15.6 0.978 53.1 1912

8 30 (s) 8.625 S.071 0.277 2.26 2.11 58.4 51.2 7.26 2.66 24.7 351
40 (s) 8.625 7.981 0.322 2.26 2.09 58.4 50.0 8.40 2.60 28.6 431
80 (x) 8.625 7.625 0.5(5) 2.26 2.00 58.4 45.7 12.8 2.37 43.4 753
XX 8.625 6.875 0.875 2.26 1.80 58.4 37.1 21.3 1.93 72.4 1460

10 (s) 10.750 10.192 0.279 2.81 2.67 90.8 81.6 9.18 4.24 31.2 285
30 Is) 1(1.750 10.136 0.307 2.81 2.65 90.8 50.7 10.1 4.19 34.2 324
40 (s) 10.750 10.020 0.365 2.81 2.62 90.8 75.9 11.9 4.10 40.5 405
60 (x) 10.750 9.750 0.500 2.21 2.55 90.8 74.7 16.1 3.88 54.7 600

12 30 (8) 12.750 12.090 0.330 3.34 3.17 128. 115. 12.9 5.96 43.8 29!)
(s) 12.750 12.000 0.375 3.34 3.11 128. 113. 11.6 5 88 49.6 352
(x) 1 12.750 ' 11.750 0.50)) 3.31 3.08 125. 108. 19.2 5.63 65.4 503

14 :30 (8) 14.000 , 13.250 0.375 3.67 3.46 ! 154. 138. 16.0 7.17 54.6 45S"'
(x) 14.000 13.000 0.500 3.67 3.15

1 154. 133. 212 6.70 72.1 653

Courtesy-ASHRAE

Fig. 4-la. Steel Pipe Data
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N,;\\,,41.1

Nomi
nal

Size'

11i

IS

20

21

ASTA4'
Schedule

.z) I.)
40 (1

I-)

t" f

20 is)
301.1

20

Diameter

OD ID
In. In.

hi WO 15 2:;11
Iti MO 15 11011

IS WO 17.250

"'-"") (7.1(00

211 OM 19 250
20 MO 19.11011

21 1001 2:3 250
21 1100 23 (10(1

Dimensions and Properties of Steel Pipe (Concluded)

Surface Area Section Area
Wall Sq ft, fin Ft Sq In.

Thickness
In.

OD ID OD ID

- - -
0 .375 I. (S 3 .99 201. IN.1.
0.500 -1.15 3.93 201. 177.

0 :375 (.71 4. :11 254. 231.

"'") 1 .7) 1 15 251. ''27.

0 375 I 5 23 ' 4.51 311. 291.
0.510 5.23 4.97 311. 281.

0 375 13 131 1 13.05 152. 126.
0.500 (i. 29 6.113 452. 115.

Area of
,Metal

Sq In.

IS. 1
24.3

20.7
27.4

2 :3.2
30.11

26.8
36.9

Volume
Gal/Lin Ft

9.48
9.18

12.1
11.8

15.2
14.7

22.1

21.5

Weight'
(plain end)
Lbi Lin Ft

62.1
82.8

70.11

93.5

78.6
104.2

94.6
125.5

Working
Pressure

Psi°

400dm
570

:355

506

:319
454

2115

378
_ ... .... __

31 iloubleettra strong is no long, r 1,11,11i 1, risl u, \ STNI speelfic.ition but pipe of this mite is still manufactured
The Sil.es fur o rouglit iron are In, .1v II,, .:,Inc erept wall thickness is slightly heavier. S., .i S7 M A-72.
American :Bonet;, fur Ta.,1,1,, and .11,1cri,:ix Schedatl.. The numbers 30, 10, etc., refer to the A N71/ Schedule; the letter (0 refers to the former designation

Sts Turd it.r,04. the letter refers to the :,,roar designation lira, .strong, the letters XX refer to the heeler designation Double Extra Strong.
, Weight per foot is based on plain end pme. Threaded and coupled IT and C.) pipe is slightly heavier.
d V1orking pressure welded plants , a. r..1-1,1,11 a if, .1,{1,11. 1, Ilefer to Table I for type of weld.

0) Working paw tire based on an all.ovablo filter stress of 022,5 jet for 250 n.
(2) NVorking pressure based on nil allowable fiber stress of 1111(1 psi (for 250 1.1.
13) Working pressure based on an Alms:1111 fiber -.tress of 12000 psi (for 250 1").

Note- St milord- weight pipe is irelirall furiiiJosl n it h 41 ends in random lengths of 16 to 22 It all hough when ordered with plain ends, 5 percent may he
in length. of I? to If (t. file ptIco rut a) the itwIl Dumb. of lengths ordered may he jointers which are two pieces coupled together. Extra-strung pipe is generally
furnished %all plain ends in random lengths of 12 to 22 ft. although 5 percent limy La' in lengths of (I to 12 ft.

Courtesy-ASHRAE

Fig. 4-1b.
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Dimensions and Properties of Copper Tube
Out Types Except DWY are based on ASTM 8-88)

Nominal

1

Diameter Well
Thick nes:

Surface Area

Sq Ft Lin Ft

Size
TYPn

OD
In.

ID

In. In.
OD ID

1: 0 of .1 I 0 305 0.035 0.0952 0.0798
0 575 0 311 n 050 ! 0.0952 0.9525

, s 0 r1111 0.402 0 0111 151 0.105
0 5410 0.430 11 035 [ 11 11 0. 113

0 625 i 0 527 0 19
[

11,111l 0 135
0.15_'.5 0.115 (II') 161 0 143

sy i 0 750 0.1;52 11 019 1) 103 : 171

0 759 11666 (' 012 : 0.193 (1.171

0 575 0.715 [ 0.065 0.229 . 0 195
1. 0 575 ' 0.755 0 015 0.'29 0 206

1 1.125 0.,.)..15 0 065 0.295 0 9410

1. 1.125 1 1/21 0.050 0.295 i 0.115.1

11i N I :17, I '215 19061 0 500 1) :1°6
1. I :37.5 I 26.5 11 05 5 0 '1);)) II _.;$,)

\I 1 .... I 2111 0 1112 0 36.0 ' 0.335
1111' I .135 I 295 0.010 0.300 0.339

I

112' K 1 625 I NI 9 072 0.125 . 0 all
1. ' 1 1,25 1.501 1 11.1101 11 125 , 0 :191

M . 1 01.25 I !")-27 II 0 4') 0 I2.i Ii Mil
((WV 1 625 1.511 0.012 0 V25 0 101

2 125 1 959 11 11,1 0.574 II 513

[ I. 12, 1)711 0 50; 0 520
"AI 2 1.!:, 2 109 ' ll 055 II 556 0 526

I(W ' 2 125 2.011 0.012 0 531

' 6'5 2.131 0 095 0.657 0 6,1S

I. 62/ 2.465 0 080 0.657 0 6 1 . 5

31 2.6 2 495 0.065 6.657 0 1153

3 125 " 907 0 109 11.515 0.761
3 125 2 915 II 000 wsis 0.771

NI 3 125 2 951 0 o72 II till 0.750
I/W1' 12.5 3 045 11 01.1 0..511 0.796

I. 3 1;25 '; 555 0.120 0 919 19586
I. i 62.1 3 121 n 100 910 0.s97
A! 3.625 1:9 0,0i9 0.906

4 K 4 125 3 557 0 1 11 1.08 , 1.01

I. 1 125 3 905 0.11,1 1.05 I 02
31 I 125 3 9;5 0 0,1-; 1.05 [ 1.05

DW. 1.111 4 try.) te Ir,-,-: LIN , 1.05

[

5 K 5.1:5 1 ,q5 0 I1:0 I 31 1.26 ,

I, 5.125 1 57.5 o 125 1 31 1.25
Al 5 125 1.90: 0 III') 1.31 1.29

i

6 4: (1 2'21 5 711 0 192 1 600 1.50 :

1. 6 12 0 110 1 60 1.53

NI 6 121 555: 0 122 160 1.11

1/W1' 1) 121 5.959 0 053 1_60 I 56

8 5 . 1 1 ' 5 7 553 0 271 2.1:1 1 011

1. 5 121 7 ....) 11 2011 2.13 2 02
AI s 125 7.755 0 170 2 13 2 01

10 01 121 9 40 0:3'15 2 115 2 17

10.121 1 615 0.210 2 1;5

10.125 9 701 0.212 2 65

12 K 12 125 11 315 11 105 i 17 2.93
I. 12 1.255 11 565 i 11.250 1.17 , 3.03
AI '12 115 11.617 ; (1 254 S.17 ' 3.01

Sej,.sn Area

Sq In.

OD ID

Area of

Metal

Sq in.

0.110 11.1)731) I 0.0374
0 110 0.0779 0.0321

Volume
Got Lin Ft

n.nn170

11.00401

0 196 [ 0.127 0.0605 0.00666
0,196 i 0.145 0.0112 0.00753

0.3015 0:115 0.0557 0.0113
0.306 0 213 0.0735 ; 0.1)121

0 111 II 3:$1 0.19 [ 0.0171

0.411 0.31i 0.0931 ' 0.0181

0.165(1 691 0 130

0.151
. 0.1170.601

111911.)::

[

0.99i '1
0.771
(1.°:-)0.991

I. IS 1 .), (1 ,05

I 11: I 20 0 '225

1.15 1.21 0.176
1.45 1.31 0.163

2 07 1 72 0 311
2 117 I 75 0 295
2 07 I 13 II 213
1 117 1.56 11,2115

, ."1.1

1.11;

1 56

A 01

i II)

17

i 271.56
[

5.11 1 66 11 755
6 I 1 4.77 0 C,10
5.11 1.10 1 0.523

0 532
152

0.377

0.2si

7 1i7 6011
7.,17 li
7 1'17

7.67 7 ''3

10.3

093
10.3

9.141

9 21

9.10

1.01
11,1;5'1

0 691

1.32

0.921

11.7 1.65
12 (I

13

12 2

13 :1

11....1 12.6 1111.

207 15.1 2.50
211.7 15.7

20.7 IlT115.9

3 5029. 1 ''.1 [I

29 I 2 63

29 1

'111:

29 I 27.9 'f.::::'i

0 .0227
0.0250

0.0405
0.0112

0.0631
0.0655
0.0681
0.0651

0 0591

0.0925
0.0950
0.0969

0.157
0.161

0.1(i )

0.142

0.212
0.217

0.251

0.315
0.351

0.362
0.370

0.405
0.478
0.189

0.607
0.623
0.631

0.656

0 910
0.971

0.951

1.35
1 39

1.42
1.55

51 5 IS 2 6 i'.9 2.31
51 5 16 9 1 98 2.43
:',1 5 17.6 123 2.47

70.5
5,0.5

50.5

;11.1 Ill 1

72.5 i

49
7 76
6 60.

76

7;5.!5

115. 101.

115. 105.

115. 106.

Fig. 4-2 Copper Tube Data
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3.65
5.79
.81

Weight'
Lb Lin Ft

0.145
0.126

0.269
0.105

0.341
0.2..55

0.118
0.362

0.611

0.455

0.859
0.655

I.
0.8,81

°0

1.56
1.11
0.911
0.809

2.06
1.75
1.46

1.07

2.1)3

2.4S
2.03

4.00
3.33
2.65
1.60

5.12
4.29
3.58

6.51
5.35
4.66
2.87

9.67
7.61
6.66

13.9
10.2
8.92
6.10

25.9
19.3

16.5

40.3
30.1

25.6

I I 9 1.21 57.8

10 4 5 45 40.4

9.17 .5.50 :16.7

Working
Prerwreb

Psia

OIS

761

9SS
677

779
625

1113

547

747

497

574

4:12

466

387

293

421

359
289

376
316
255

352
295

231

343

278
220

324

268
218

315
256
217

307
254

203

303
221

190

330
259

200

332
211

202

331
225
204
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Application

Chilled water

t'ooltitg tower

l'ildergroand water
2-in. and smaller

'1-in. and larger

t y water-inside building

. _

Panel heating

Application of Pipe, Tube, and Fittings

Materials Commonly Used Application

pi' l. or I, hard copper, I lot water heat mg'.
%%1.11,4111 loin, or black steel,
Schedule 10

.
11e 1' or L hard copper, Reirtg,eranto
wrought iron, or black steel, II

Schedule 10

Type I: soft copper, galvan-
ized wrought iron, or gal-
vanized steel, Schedule 40
(for corrosive soils, IL coated
steel pipe should be used)

Type K, soft copper cast iron,
150, galvanized wrtiught

iron, or galvanized steel,
Schedule 40 (for corrosive
soils, :t coated steel pipe
pipe should be used)

Type it or L hard copper, gal-
vanized wrought iron, or
galvanized steel, Schedule
40

Steam heal ing supply
125 psi and less

125 to 250 psi

Return pipe
All sizes

Icceiv:ar vent.
All sizes

Type K or L or soft cop- Gas (all kinds)
per, black steel or wrought 1. All sizes
iron. Schedule 10

a Panel heating copper fittings should Is soldered with Ire r, solder. Steel fittings should be aelded.
All underground feed and return lines buried in slab, should he equipped a it h fittings as outlined for panel heating.
Refrigerant fittings on copper pipe roust be wrought copper. All welded fittings should be long turn.

Fig. 4-3 Pipe Application

Materials Commonly Used

Type K or I, hard copper,
black steel, or wrought iron,
Schedule -I()

Type I: or L hard copper,
wrought iron or black steel,
Schedule 40

Type L hard copper, ',lack
steel, Schedule 40, standard
fittings

Type K hard copper, black
steel, Schedule 40.

Type K or L hard copper,
black wrought iron or steel,
Schedule 40. Standard fit-
tings

Copper dr:tinage tube 1)WV,
gal van i zed wrought iron or
steel, Schedule 40. Standard
litt logs

Ilhick steel, Schedule 40, mal-
leable iron fittings

Courtesy-ASHRAE

-DIMENsIoNS AND WEIGHTS OF SEAMLESS BRASS
AND (-UPPER PIPE (IRON-PIPE SIZE)

(Table I, ASTM Specifications B42-43 and B43-42)

Sire pipe,
inches

Outside
' dtam-

,'ter,
inches

0 405
0 540

Regular pipe Extra-strong pipe

Thick-
ness,
inches

Nominal weight,
pounds per foot of length

Thick-
ness,

inches

Nominal weight,
pounds per foot of length

Yellow
brass

Red
brass

Copper
Yellow
braes

Red
brass Copper

16 062
082

0.246
0 435

0 253
0 447

0.259
0.457

0 100
0.123

0.353
0.594

0.363
0.611

0.373
0.625

3fi 0 675 090 0 609 0.627 0 641 0.127 0.805 0.829 0.847
0 840 107 0 908 0 934 0 955 0 149 1.19 1.23 1.25

1 05.1 114 1 23 1.27 1.30 0 157 1.62 1 67 1.71

1 315 126 1.73 1.78 1.82 0.102 2.19 2.46 2.51

Ili 1 660 146 2 56 2 63 2.69 0.194 3.29 3.39 3.46

114 1 900 150 3 04 3.13 3.29 0 203 3.99 4 10 4.19

2 2 375 156 4 01 4 12 4.22 0 221 5.51 5.67 5.t0

211 2 875 187 5 82 599 6.12 0.280 8.41 8.66 8.85

3 3.500 219 8 32 8.56 8.75 0 304 11.2 11.6 11.8

311 4 000 250 10.9 11.2 11 4 0 321 13.7 14.1 14.4

4 4 500 250 12.3 12.7 12.9 0.341 16.4 16.9 17.3

44: 5.000 250 13.7 14.1 14 5 0.375 20.1 20.7 21.1

5 5 563 250 15.4 15 8 16 2 0.375 22.5 23.2 23.7

6 6 625 250 18 4 19.0 19.4 0 437 31.3 32.2 32.9

7.625 281 23 9 24 6 25.1 0.500 41.2 42.4 43.4

8 8 625 312 30 0 30.9 31.6 0 500 47.0 48.4 49.5

9 9.6251 344 37 0 38.0 38.9 0 500 52.8 54.4 55.6

10 10 750' 365 43 9 45.2 46 2 0.500 59.3 61.1 62.4

11 11 750 375 49 4 50 8 51 9
12 12 750, 375 53.7 55.3 56 5

Nirrs.-For inside diameter functions of IPS copper and brass pipe, see those for steel pipe
on pages 357 to 367.

Fig. 4-4 Copper Pipe Data
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Commercial Sixes (IPS) and Weights of Polyvinyl Chloride (PVC)
Pipe (Abstracted from ATSM Specification DI785-44T)

Nominal
size.,
in.

Schedule
Wall
thick-

fuss. in. in.
ID,
in.

kcalcal
weight,

lb/ft

Calculated min
burstingbursting pressure,

psi

Note 1 Note 2

IA 40 0.088 0.540 0.364 0.076 2,490 1,950
80 0.119 0.540 0.302 0.096 3,620 2.830

1,4 40 0.109 0.840 0.622 0.153 1,910 1,490
80 0.147 0.840 0.546 0.195 2,720 2,120

%A 40 0.113 1.050 0.824 0.203 1,540 1,210
80 0.154 1.050 0.742 0.265 2,200 1,720

1 40 0.133 1.315 1.049 0.305 1,440 1,130
80 0.179 1.315 0.957 0.385 2,020 1,580

114 40 0.140 1.660 1.380 0.409 1,180 920
80 0.191 1.660 1.278 0.550 1,660 1,300

1 1,4 40 0.145 1.900 1.610 0.489 1,060 830
80 0.200 1.900 1.500 0.653 1,510 1,180

2 40 0.154 2.375 2.067 0.640 890 690
80 0.218 2.375 1.939 0.910 1,290 1,010

3 40 0.216 3.500 3.068 1.380 840 660
80 0.300 3.500 2.900 1.845 1,200 940

4 40 0.237 4.500 4.026 1.965 710 560
80 0.337 4.500 3.826 2.710 1,040 810

Water-pressure Ratings at 23 C (73.4 F) for Class T Threaded
PVC Plastic Pipe (Commercial Standard CS256-63)

Nominal pipe
size, in.

Dimension
ratio

Pressure ratings' for PVC plastic
pipe made from

PVCI 120
PVC1220, psi

PVC4I 16,
psi

PVC2110,
psi

I% 4.15 630 500 315
IA 4.15 630 500 315
3% 4.15 630 500 315
14 5.0 500 400 250
3% 6.0 400 315 200

1 6.0 400 314 200
114 7.3 315 250 160
11,4 9.0 250 200 125
2 11.0 200 160 100
214 11.0 200 160 100

3 13.5 160 125 BO

31, 13.5 160 125 BO

4 17.0 125 100 63
5 17.0 125 100 63
6 21.0 100 80 50

8 26.0 80 63 NPR'
10 32.5 63 50 NPR'
12 41.0 50 NPR NPR.'

' Pressure ratings shown for threaded pipe are one-half those calculated in accordance with
2S- SDR - 1 or

2S OD
1

where S = design stress, psi
P = pressure rating, psi

OD = average outside diameter, in.
t = minimum wall thickness, in.

SDR = standard thermoplastic pipe dimension ratio (0D/t for PVC pipe)
Thus, pressure ratings for nonthreaded pipe in Class-T dimensions are twice those given in

this table.
NPR = not pressure-rated.

Fig. 4-5 PVC Pipe Data
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Pictured at right is the procedure for producing perfect leakproof joints by the
GSR FUSEAL Method. The FUSEAL Process applies precisely the right heat
within the joint to produce a completely homogenous structure of pipe and
fitting. The FUSEAL Equipment used in the process is uncomplicated in use and
is designed and built for years of dependable service.

The many advantages of the FUSEAL Process provide the most modern and
efficient acid-waste systems with impressive savings in material and initial cost.
Your local .GSR Distributor or Representative will be pleased to show you how
your acid-waste problems can be permanently solved by the installation of a
FUSEAL Drainage System to meet your requirements.

No special electrical skill is needed to operate the power unit. Just plug it into
a 120-volt A-C outlet with a minimum capacity of 4 amperes. Temporarily turn
the time switch 1/4 turn clockwise so that the voltmeter is in operation, then
turn the size selector knob clockwise until the voltmeter needle points to the
size of the pipe you will be installing. Now turn off the timer switch. The power
pack is ready to use as soon as your joint is prepared. COIL SHOULD NOT be
connected to the terminal block when making this adjustment.

Within one minute after automatic cutoff of the current, the joint sets up to
produce a connection that no longer has an interface. The pipe and fitting are
a single homogeneous structure. The wire coil remains in the structure, com-
pletely encased in polypropylene and protected against any contact with the
pipe contents.

VOLTMETER IS
CALIBRATED ;1
PIPE SIZES FOR
EASY SETTING

:::.------

i
SET TRAN'e.f.CitiMER Cr )11 /ROL
10 DESIRED PIPE DIAMETER

FUSE

AUTOMATIC
SWITCH

REGULATES

TIMING

POWER UNIT AND
TERMINAL BLOCK

TONGUE I/OUNTS HOLES FOR BINDING
IN CLAMP YOKE PIGTAILS POSTS .

Fig. 4-6 Fuseal Process
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Polypropylene collar containing elec-
trical re-jstance wire is slipped on
pipe, pigtail end first.

Pipe end and collar are inserted in
fitting socket so Oaf collar bottoms
against counterbore, and the pipe bot-
toms against the pipe stop.

ft
1 ,

Compression clamp is applied to give
intimate contact between fitting sock-
et, collar and pipe.

GSR ftISEAL Power Unit provides con.
trolled, timed current to make perfect,
therino-electric

Courtesy-
R & G S loan Mfg.



EQUIPMENT
Equipment necessary to install electrical fusion joined polypropylene drain, waste and vent pipe and
fittings consists of an infinitely variable, low voltage alternating current power supply and adjustable
quick operating band clamps, sized to fit the outside of the fitting sockets. The power supply con-
sists of a variable voltage transformer, 0-140 VAC output, feeding into a 4:1 stepdown isolation out-
put transformer. A volt meter, calibrated in pipe size, reads output voltage. A 0-3 minute timing
switch controls the time of energization of the fusion coils.

JOINT FUSION INSTRUCTIONS

A. ADJUSTMENT OF POWER UNIT:
1. Attach power cord to 120 Volt A.C. source with a 4 amp. minimum capacity.
2. Turn timer knob 1/4 turn clockwise.
3. Turn size selector knob clockwise until meter needle is opposite appropriate pipe size mark.
4. Turn timer knob to "off" position.

B. JOINT PREPARATION:
1. Cut pipe end square with axis of pipe. Use fine tooth hand saw and a mitre box, a power cutoff

saw, or a plastic tubing cutter to help make a precision cut.
2. Remove all burrs remaining on end of pipe from both inside and outside surfaces.
3. Wipe all dirt and foreign matter from end of pipe and fitting socket, using a clean, dry cloth.
4. bo not handle the freshly cleaned surfaces before assembling the joint.

C. SETTING UP JOINT:
1. Place fusion coil on pipe end, taking care not to touch freshly cleaned surface. The lead wires

should point away from the pipe end. Leave the coil end flush with the end of the pipe.
2. Insert pipe end and coil into fitting socket. Push in until pipe end passes small shoulder and

touches large shoulder. The coil will slide up the pipe the distance between the small and large
shoulders.

3. Fit the steel band clamp to the joint, allowing the clamp to seat flush with the socket end. The
sheet metal yoke on the clamp is to be located centrally between the coil leads.

4. Insert the metal tongue on the lower surf -ice of the output cord terminai block into the yoke on
the clamp. Back off the binding post nu isvo turns.

5. Insert the bared ends of the fusion coi' ;cads through the guide holes on the top of the terminal
block.

6. Tighten the binding post nuts firmly but do not force them. Serrated surfaces on the bindinz post
nuts will cut through the enamel insulation on the coil leads.

D. FUSING THE JOINT:
1. For 11/2 inch through 4 inch turn the timer knob to the 11/2 minute index mark. After approximately

60 seconds, tighten the clamp by one turn to effect thorough fusion and penetration of the joint.
2. For 6 inch turn the timer knob to the 3 minute index mark. After approximately 2 minutes, tighten

the clamp by one turn to effect thorough fusion and penetration of the joint.
3. After the timer has "timed out," a sharp click will indicate that the power has automatically shut

off. Wait at least one minute before removing the clamp from the joint to allow time for initial
cooling.

4. In temperatures below 40 °F (4'C), increase fusion time to 13/4 minutes or longer, (31/2 minutes
for 6"), depending on actual temperature.

E. TESTING:
Joints may be pressure tested 10 minutes after fusing.

Courtesy
It & G Sloan Mfg. Co.

Fig. 4-7 Fusion Instructions
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Solvent cementing is the preferred method of joining
CPVC (chlorinated polyvinyl chloride) hot and cold water
pipe and fittings. Solvent cementing procedures are
simple and provide perfect chemically fused joints if
each step is handled with reasonable care. Experience
shows that field failures almost without exception are
due to improperly made solvent cement joints.

KNOW YOUR MATERIAL
GSR® Hi-Temp Pipe and Fittings are made from chlori-
nated polyvinyl chloride, commonly referred to as CPVC.
CPVC is one of the few plastic materials suitable for
both hot and cold water piping systems: The method of

aws...al..:.i.... ' Ade.L.,............16....3,

The pipe may be cut to length with a tub
tog cutler. Tubing cutters with thin cut
ting wheels designed especially for paste
are recommended. Where tubing CUCEIS
oft not available, a saw and mare boo
may be used.

Remove all saw marks and burrs from the
inside and outside of the pipe with a dm
hutfing tool". pocket knite, scraper or
file. Ihrn clean both the pipe and fitting
with lb clean dry rag.

joining CPVC is similar to, but slightly different than.
that of other plastic pipe and fittings. fhe following in-
structions should be read carefully. DO NOT TAKE
SHORTCUTS OR OMIT ANY OF TILE DETAILED STEPS.

CPVC solvent cement contains highly volatile solvents
which evaporate rapidly. Keep the cement can closed
when not actually in use. If the cement thickens much
beyond its original consistency, discard it! DO NOT
ATTEMPT TO DILUTE IT WITH THINNER.

Use only GSR #703 Cleaner-Primer and GSR #707
Solvent Cement with GSR CTS-CPVC pipe and fittings.

Check Mc picm and fling for an int, dr:.
ence fit. CST CTSCI'VC and
are designed to have a dry interference Ia.
A good dry interleenee lit wh,:n the
pipe makes contact With the lilting socket
wall betwaen 1/3 cod of the way ink
the socket. If the pipe con La both:al-m(1
dry, or if the pipe ,,ill not enter the lit
flog dry, check the dimensions of the pipe
and fitting.

r.m,--rt, -st _ .(

Apply GSR cleaner - primer dc703 to the in.
s..de surface of the fitting socket. A liot
coat is normally sufficient. Avoid puddling.

1/4,';

Now apply cloanerprimor to the pipe end
to the'depth of the fitting socket.
Primed surfaces should be fairly dry or
tacky prior to applying the cement.
At temperatures between 40°F and 110F
a cleaning action is all that is required.
Do not attempt to soften the surface as is
required for regular l'VC joints.

Apply a full, even coating of GSR 707
solvent cement to the pipe end to the
depth of the fitting socket,

............... ,.,..--.....

Apply a light, even coating of CSR solvent
cement to the inside of the fitting snckel
including the pipe stop shoulder. then
apply a second full, even coating to Lie
pipe end.

^ r

./

1
1

While both sorf.ices ore still wet, insert
the pipe in the sods. t. mate a uneili.erler
turn until the eine end Wien, a omit
the snekt.t (sold 11,e joint to
gather for ab.iu, i5 seconds to a.sure the

pipe remains bottomeJ against tne socket
shoulder.

.....................,.....ea:.1-.: .4
....i

i

L - A

Wrong Way The pipe end has not Lot.
tamed against the socket shoulder.

BEST ;0,,y i7,,LABLE

. i!--w,,,,eiir;

1

Right Way The pipe hes bottomed In
the socket.

"7

!

; %sy

Using a clean rag. remove all excess
solvent rempt, rir,cially the bout. A full
ring of un nal shoJld of the joint.
Voids map i rdic..te a defective joint.

Fig. 4-8 Solvent Cementing
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I : .

SEE

JOINT CURE SCHEDULE

Courtesy-
R & G Sloane Mfg. Co.



COLD WEATi ;ER SOLVENT CEMENTING PROCEDURE

Solvent cement jc.in1c should be rnade at tchirrththres between 40°F and
110`1. Succes\ful joinds can be made at temperatures as luw as 0°F if
special precautions are Liken.
In cold weather, the action of the cleaner-primer is relarord. More than one
application of cleaner minter may be necessary. When properly primed the
sulfates should be Wkv nr slightly sellinCd. 10 check penetration, scrape a
Mad section of the s,:ilace ttidll a knife. When a thin laver can be removed,
the surface is properly sollencd Cement Cr ,i now be applied and the joint
can be made by following normal procedures.

STORAGE AND HANDLING

CPVC pipe and fittings should be stored under cover to avoid unnecessary
dirt accumulation and Ion' term exposure to sunlight. Pipe should be stored
with continuous support in straight. uncrossed bundles. Care should be used
in handling, to ensure that unnecessary abuse such as abrasion on concrete
or crushing is avoided. Firmer and cement should be stored in a coal, shady
place when not in use.

SOLDERING

Soldered metal joints should not be made closer than 18" to an installed
plastic-to-metal adapter in the same water line.

PLASTIC TO METAL TRANSITION

The GSR transition tailpiece adapter is recommended in making plastic to
metal transitions on the hot water side of the system_ The assern'aly con
sisis of a GSR CPVC transition tailpiece adapter Fig tin. 375 Mod 1', a

GSR CPVC coupling and a 5,13" 0 D. or 7/8" U.D. brass compression fitting.
Slip the nut from the brass titling on the CPVC tailpiece adapter. Then sol-
vent cement the adapter to a CPVC coupling. the brass compression ring
from the CPVC side of the brass titling is discarded. Insert the tailpiece
adapter into the brass tilt ng until the rubber gasket butts up against the
fitting. The brass lo...knot is brought tight against the adapter retaining shoul-
der. In order to prevent the nut from backing oft, it must be tightened one
to one and a quarter turn past hand tight.
CTS CPVC male adapters are recommended in making plastic to metal tran-
sitions on the cold water side of the system only.

HOSE BIBB SONNECTIONS
The use of metal nipples is recommended in making connections to hose
bibbs. The CPVC plastic system should terminate inside the wall.

PRESSURE TESTING

To pressure-lest a CPVC -water system, use a portable mslon water m,r
equipped with check valves, shutoff valve, and a 0.200 oil gaute. Pcie
system of air, pump up the system to 150 is and shtt: the vtilve
pump outlet. l et stand for one hour. If the gauge Still reads 15) thvt-,
are no leaks. The system has passed the test. If the pressure has Mau,:ca,
check all valves and joints for leaks. believe the pressure alter is ;ling.

REPAIR

If a leak is discovered in a joint, that portion of the system should be drained
and the joint should be cut out. The pipe should be thoroughly dried and a
new sect:en should be installed. Prepare the new section idoiorica, to the one
removed and cement couplings to both ends. Let the couplings dry for 10
minutes and then cement the new section into ',Lee. After one hour, recheck
the system at 150 psi. If there are no other leaks, the system may be put
into service.

THERMAL EXPANSION

The linear thermal expansion rale for CPVC is approximately 1/2 inch per
10°F temperature change for each 100 fent of pipe. When installing long
runs of pipe, allow 1/16 inch longitudinal clearance per foot of run to ac
commodate thermal oriel's:on. Proper design requires an offset of 12 inches
or more in every 10 lout straight run of pipe to absorb thermal movement.

SUPPORT SPACING

The recommended spacimo, between supports is 24 to 36 inches. Pipe should
not be anchored rigidly to a support. Choose the proper size plastic clamps
winch are engineered to allow the pipe to move treely with minimum noise.
The use of plastic pipe insulators through wood and metal studs are also
recommended.

WATER HEATER CONNECTIONS

When using GSR Hi-Temp pipe and fittings in conjunction with domestic
water healers, stub out with metal pipe for a minimum of 12 inches cn both
inlet and outlet connections. Proper hot water tank pressure settings and
relief valves should be installed and maintained to assure water temperature
not in excess of 180°F.

e, Fig. No. 'A Mod 1 Is a modification of fig, rlo. 375. Both models are still in use.
Fig. No. 3/5 is designed with an "0" ring seal and should he used with Mass torn
pression fittines manufactured by Brass Craft Co., Inc., Detroit, Michion. If brass
fittings produced by another manulactuter are used, the installer must sails!' himself
lhat a proper fit raids.

JOINT CURE SCHEDULE

TF.M.f.FRAURC OF PIET
AND 1-1111NtS DUBIN.;
ASSEMBLY AND CURL

LIME Atl(nivro liFFORC
MOW; Al BOOM

ILMril:AluNC. ILST
PRIsSURL PA PSI 1.IAX.

TIME ALI oiYin nrorrE
FM-HNC SYSIII.: INIO

SLNVI, f. AT Itiq PSI AND
IRO F MAX

60°F to 110°F
40°F to 60°F

2 hours
4 hours

24 hours
48 hours

Fig. 4-9 Solvent Cementing
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0
ASSEMBLING PLASTIC D-W-V PIPE

Use only standardized and lipprovfi.1 (MN pipe fittings and solvent

cement. Look for the marks CS270, CS27I, NSF

and NSF DIV on all produe..s to on sure of the quality.

Cut pipe square, usir.g a hand saw and miter box. a mechanical
cut off saw, or a plastic pipe cutter which noes not raise a burr on
the end of the pipe.

Don't use a standard wheel cutter. It will raise a flare on the end
of the pipe. The fldre will scrape the cement from the joint and
create a leak.

Remove all burrs from the end of the pipe with a file or knife. If
all the burrs are not removed they may scrape lines in the cement
and create leaks.

Clean and dry the pipe and fitting socket of all dirt, moisture,

and grease. Use a clean dry rag.

Use only solvent cements carrying the ASTM specification number
and/or the NSF seal of approval. Use only ABS cement for ABS
pipe and fittings and PVC cement for PVC products. Unapproved
or unknown brands of cement may contain substances that can
damage the pipe & fittings.

Don't use thinner to dilute the solvent cement. Discard the

cement if it thickens very much in the can. Keeping the cement

can closed as much as possible while working will help to pre.

vent thickening.

Dry fit the pipe into the fitting socket. It should enter at least 1/a
of the socket dnoth, and should at least snug up at the socket
bottom in ABS parts. 1 or PVC parts, a little looseness at the socket
bottom can be tolerated.

For ABS components, first coat the inside of tne fitting socket,
then coat the outside of the pipe. Flow the cement on with.; full
brush. Assemble parts immediately with a quarter tarn to spread
the cement evenly.

For Type I PVC parts (PVC 1120 or 12201, degloss the pipe and
fitting socket with cleaner MEK, MIBK or acetone, or lightly
sand the surfaces before applying cement. Coat the pipe first,
then the socket, then a second coat on the pipe. Again, assemble
immediately, with a quarter turn. Allow tresl.ly made joints to set
a few minutes before moving or applying any force to them.

Courtesy
71'7 ."r7.,n7;17.477. :
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Fig. 4-10
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Use only approved thread tape or thread lubricant specifically
intended for making up threaded joints. Some of the thread lubri
cants found satisfactory are:

VASELINE (commonly available)

MIllEP.AL OIL (commonly available)

T.E.!"_011 TAPE 3M COMPANY, 2501 Hor!son Rd., St. Paul, Minn.

PERMATEX NO. 2 PERMATEX CO., INC., 1720 Avenue Y, Brooklyn

35, N.Y.

"LA-CO PLASTOJOINT STIK" LAKE CHEMICAL CO., 250 N. Wash-

tenaw, Chicago, Ili. C0612

JOHN CRANE NO. 4 CRANE PACKING CO., Morton Grove, Ill.

TIIRED0rE-- COLEMAN CO., Everett, Mass.

IPS WELD-011 783 INDUS1RIAL POLYCHEMICAL SERVICE, 17116

S. Broadway, Gardena 47, California

Don't use conventional pipe thread compounds. putty, linseed oil
base products or unknown mixtures. They can cause cracking of
the parts.

Threaded connections should be made up one turn past hand tight,
using a strap wrench. Overtightening may damage the parts.

Don't pull or force pipe into line when assembling. This stresses
both pipe and fittings and can lead to future trouble.

Allow for thermal expansion in all installations by allowing free-
dom for the pipe to move with temperature changes. Leave the
pipe free to move ls.ngitudinally at changes in directions and on
long straight runs, but support it at lour toot M3AiMUM intervals.

Refer to U140 installation standards IS 5.66 and IS 9.68 for
full information on thermal expansion.

Use threaded transition fittings when connecting to copper sys
tems. Caulked joints or other approved fill.ngs may be used in
connecting plastic to cast iron.

Use caution when heating lead for caulked joints. Heat it to just
above the melting point. A good rule to follow is to heat the lead
to wiping temperature.

Use common salt or calcium chloride solutions for antifreeze, where
necessary. If preferred, ethylene glycol antifreeze may be used.

Don't use alcohol antifreeze in any part of the plastic DIY' Lystem.

E
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The Victaulic method of joining grooved pipe is the
most versatile piping method available. It is five times
faster than welding; easier and more reliable than
threaded or flanged methods. Assures long life, leak
tight security and lower installed cost than competitive
methods.

The Victaulic method has the versatility of a piping sys-
tem which provides expansion, flexibility and vibration
reduction with a union at each joint. Victaulic can be
applied to black or galvanized steel, stainless, alumi-
num, wrought iron, plasticalmost any pipe of IPS
dimensions. A single coupling size fits most types and
wall thickness of pipe in its size. (And Victaulic has
couplings for cast iron sizes, too.)

The Victaulic grooved piping line is the most complete
available. With a variety of couplings in 34" through 30"
sizes. A complete line of fittings. Butterfly valves. Plus
the unique Vic-Flange, Outlet Couplings and other prod-
ucts available only from Victaulic. Portable groovers
for on-site grooving. A nation wide stocking distributor
organization, backed by eight Victaulic warehouses
across the country.

The Victaulic method is simple yet effective. Based on
a groove machined in the pipe end, the system is joined
by ductile or malleable iron housings which lock into
the grooves enclosing a synthetic gasket to create
the seal.

1HOUSINGThe housing segments are precisely
cast of ductile or malleable iron. The housing key
engages the grooves in the pipe around the entire
circumference securely joining the pipes.

2GASKETThe gasket is designed to seal under
pressure or vacuum. Molded of varied synthetic
elastomers, the gasket is designed to provide long
life for the intended service.

THE METHOD . . . The unique design features of the
Victaulic grooved piping method offer many advantages
not available with other methods. Victaulic offers the
versatility of a wide variety of coupling styles and sizes

14.140:k)gl P
Cm-A

Fast, simple
assembly

A permanent

GROOVED
PIPING
METHOD

3BOLTS/NUTSThe steel oval neck track bolts se.
in the housing slots permitting assembly with
single wrench.

4GROOVEThe groove permits joining of the PIPE
together without clamping. This provides the col
trolled flexibility and permits rapid assembly. Pip
is available from mills or distributors grooved fc
Victaulic couplings. A complete line of portabl
tools adds versatility for easy on-site grooving.

plus a complete line of fittings, grooving tools and ac-
cessories. Quality and reliability are assured by more
than 45 years of experience in grooved pipe joining.

Expansion and Union
joint contraction allowance at each joint

Fig. 4-11

Easy
alignment

Working pressures listed are based on hydrostatic tests with no external load using standard weight steel
pipe thi igh 20-inch (XS above 20-inch), square cut grooved to Victaulic standard specifications.
Field test pressures shall not exceed 11/2 times rated the workina pressure including external loads.

To assure the rrievirnin life for a particular service, refer to Victaulic Gasket Selection Guide and always
specify gasket grade when ordering.
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for Steel, Wrought Iron, Spiral,

Aluminum, Crass, Plastic, and

other Pipe of IPS Dimensions

TABLE 3

PIPE VICTAULIC

A B

GROOVE DIMENSIONS

C 0 (Minimum)SIZE O.D.

3/4 % 5/16 .4,38 + 0 -.015 .1131.050 .056

1 1.315 % 5 /I6 1.190 + 0 -.015 .062 .133

1% 1,660 5/3 5/16 1.535 -4- 0 -.015 .062 .140

1% 1.900 % 5, i6 1.775 + 0 -.015 .062 .145

2 2.375 % 5,i6 2.250 + 0 -.015 .062 .154

2% 2.875 % 5,. j6 2.720 + 0 -.018 .078 .187

3" O.D. 3.000 5/8 5,16 2.645 -4- 0 - .018 .078 .188

3.500 % 5;46 3.344 + 0 -.010 .078

.063

.188

F. -Vii 4.000 Vs 5/16 3.834 + 0 - .020 .160

4 4.500 % 3a 4.334 + 0 -.020 .083 .203

4% 5.000 5/11 3/8 4.834 -1- 0 - .020 .083 .203

5

_
5.563

____
5/8 3/8 5.395 ± 0 -- .022 .084 .203

531's 5.501 5/a 5a 5.334 + 0 -.020 .084 .203

0.D. 6.000 Vs ?g 5.830 .-4-8 - .022 .0852219.
--"6 6.625 % 5 /a 6.455 -4- 0 .022 .085 .219

L
The pipe shall be sufficiently free from indentations, projections, or roll
marks from the end of the pipe to the groove, to provide a leak-tight seat
for the gasket.

The nominal outside diameter of grooved pipe shall not vary more than
94" to 114" 4-11:4; 113" to 2'3" 1%; 3" to 5" -1-1% -137"; 6" and up
+ifs" the Column C when grooving. Column D is the calculaiA
normal groove depth.

e groove gliumeter can be measured by means of a tape, provided the
ripe is maintained within +1/32 to -1/44 of the nominal outside diameter.

TABLE 3 - Continued

I- "'"1"-'1

PIPE VICTAULIC GROOVE DIMENSIONS

SIZE t7.D.

6% 7.000

7 7.625

8" O.D. 0.000

8.625

9 9.625

10 10.750

12 12.750

13'i 13.500

14

15

14.000

15.000

16 1 16.000

18 18.000

20 20.000

24 24.000

28 1.D. 28.875

30 1.0. 1 31.000

A B

3,43

15/32

7/16

C D

3/32

3/4

6.830 -4- 0 -.C92 .085

7.447 + 0 -.025 .089

7.016 +0 -.025 .092

3/4 7/16 0.441 ± 0 -.025 .092

3/4 7/1 G 9.460 + 0 -.025 .032

3/4
1/2 10.562 4- 0 -.021 .094

3/4
1/2 I 12.531 + 0 -.030 .109

15/1G 1/2 13.188 +0 -.030 .156

5/56 1/2 13.781 +0 -.030 .109

5A
1/2 14.781 + 0 --.030 .1C9

'5/16 1/2 15.781 + 0 -.030 .109

1/2 17.781 + 0 -.030 .109

// 19.781 + 0 -.030 .109

1 516 23.656 0 -.030 .172

1 9/ 16 I 28.531 + 0 -.030 .172

11/4 30.594 + 0 -.030 .203

T

(Minimu

.219

.230

1314

.230

T Minimum-is the lightest 'grade or thickness of pipe suitable for Grooving.
Standard weight pipe in aft sixes, and some of the of 8" end
larger, exceed these minimum thicknesses. Pipe of less than T tninirnum Ihith-
ness moy be ocloptr:1 with carried ends for use with Vicioulie
see page 24.

NOTE: Pipe to be internally lined with cement or plastic lining requires spe-
cial grooving dimensions. Write for Viciaulic Charts SK-1492 (JO-grooving
light wall pipe) and/or SK-1493 (cut- grooving standcre wall pipe).

For standard roll -grooving dimensions for light wall pipe, write for Dimension Chart D-40.
For Endseal 'ES' cut-grooving dimensions, write for Dimension Chart D-31,
and for Endseal 'ES' roll-grooving dimensions, wrife for Dimension Chart D-41.

Fig. 4-12
LIGHTWEIGHT SPITZAL PIP.E

Lightweight Spiral Pipe of 0, 10, 12 and 14 gauge thickness is
widely used with standard Victoulic Couplings. The pipe end, as
shown, is simply a shait -ji.ou cd nipple welded on at the mill.
Spare nipples can he furnished for field attachment v, hen cutting
pipe sections to special length.

PIPE WITH INTERNAL LININGS

Rubber lined pipe and fittings for corrosive and abrasive services are
supplied with Victaulic Ends by !coding rubber c:rpenies. The rubber
Iininn is kipped compk.tely around ths ends, as shown, nlakino a rubber-
to-rubl::::r scot with the Victoulic. Cc.%12.nt lned, Iced lined, and
plastic lined pipe can also Le supplied Vic;oulic Enc.'s. 'Consult us for
details on any of these applications. for rubber- lining dimensions, write
for Dimension Chart D-30.

For information an Victnuric Counlincts, Stylo HP-70:3 U77n.,:i5r!ai), for use
lriiit cc.r...leni-iincci write kr sepor(itc.! bulk fin.
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RESEARCH,
MATERIALS

MANUFACTURE
instant research in one of

world's largest lahorato-
s - controlled blendinp, of
Sic raw materials (asbestos
ers, cement and silica)
.dern manufacturing tech-
ues and actoclave-curing-
duce a uniformly finished,
-nogeneous pipe which
nbines(1)inly,rent strength

(2) density (3) maxi-
mum corrosion resist-
ance and (4) long life
expectancy. Meets the
standard requirements.

,

of water service pipe.

SIZES AND WEIGHTS

PIPE
SIZE

INCHES---

CLASS
PIPE

WGT LIIS
PER Fl-'- _..

100
CMG
WGT
EACH

4 6.1 6 6
6 11.1 10.6
4 16.5 13.5

10 22.2 15.9
12 31.1 24.0
14 39.2 37.1
16 50.0 456
18 66.3 68.3
20 80.5 77.8
24 112.5 106.0
30 172.7 183.4
36 242.6 257.4

CLASS 150
PIPE C1' EG

WGT LBS WGT
PER FT- EACH

4 7.2 7.4
6 12.3 11.3
8 18.7 17.5

10 29.9 26.8
12 41.0 41.5
14 55.0 64.2
16 68.3 81.0
IR 90.9 100.8
20 111.1 116 8
24 158.5 159.5
30 248 6 276.6
36 356.4 389.5

CLASS 700
PIPE CPI.G

WGT LEIS WCT
PER FT° EACH

4 8.8 7.4
6 14.5 12.4
8 22.2 18.9

10 34.5 289
12 48.2 46.8
14 64.7 72.7
16 83.7 91.8
18 129.5 141.4
20 160.0 178.9
24 228 7 252.6
30 359 I 436.G
35 51,.3 618.1

'Includes pipe, coupling and rings.

ilr7 7 rx r. /1 /7 if ,,,,,, L-7. r71,-.r. 17

i ; i , , Arm. A7.,,./ :" / 474...,

1 11 .?i \ i i'.I. il I '-' '

I U 1,111 Li U Li 1.111 La ta \ r Li Li i

y 'TRANSIT( ,s 1o5,1,; I.-.,riiiilt'
JL/17.., __Y.--; recdstri:d l'::c.," 3, tor .7. br.ir,,,..

---,,..-? el asiiestssceinciil proiLicIs

ilOins Carrying Viliator MiGror Pre-c2ur

STANDARD LENGTHS (NOMINAL)
PIPE SIZES STANDARD LENGTHS

4" & 6" 10' and 13'
8" Theo 36" 13'

PIPE AND COUPLING DIMENSIONS (INCHE
Class 100

Pipe D 132 D., Da Di° Di D9°
;Ice in.

4 4.00 4.64 4.80 5.38 6.38 4 76 4.9?
6 6.00 6 91 7.07 7.65 R.85 7.03 7.19
8 8.00 9.11 9 27 9.85 11.05 9.23 9.39

10 10.00 11.24 11.40 11.98 13.25 11_36 11 47
12 12.00 13.44 13.60 14.18 15.70 13.5( 13.74
14 13.59 15.07 15.23 15.95 17.59 15.20 15.51
16 15.50 17 15 17.31 18.03 15.06 17 28 17.65
18 18.00 19 90 20.06 20.78 23.01 20.03 20.44 l

20 20.00 22.12 22 28 23.00 25.32 22.25 22.68
24 24.00 26.48 26.64 27.36 30.10 26.61 27.72 1i
30 30.00 33.12 33.28 34.02 37.63 33.27 33.8(1 1

36 36.00 39.78 39.94 40.68 44.52 39.93 40.46 1

Class 150
Pipe
Ire In.

03 13, D,.
5

D9*

4 4.00 4.81 4.97 5.55 6.67 4.93 5.07
6 5.85 6.91 7.07 7.65 8.95 7.03 7.17 7.
8 7.85 9.11 9.27 9.85 11.52 9.23 9'17

ICI 10.00 11.66 11.82 12.40 14.51 11.78 11.92
I? 12 00 13.92 14.08 14.66 17.15 14.04 14 18
14 14.00 16.22 16.38 17.10 20.00 16.35 16.48
16 16.00 18.46 18 62 19.34 22.64 16.59 18.72
18 18.00 20.94 21.10 21.82 25.12 21.07 21.30 1

20 20.00 23.28 23.44 24.16 27.65 23 41 23.64 1 I.

24 24.00 27.96 28.12 28.64 32.92 28 C9 26 32 1

30 30.00 35.00 35.16 35.90 41.20 35.15 25.42 11
36 36.00 42.04 42.20 42.94 47.28 42.19 42.48 1

Class 200
Pipe D D2 03 D4 D/' D4 D4`

;lie In.

4 4.00 4 81 4.97 5.55 6.67 4.93 5.33 -

6 5.70 6.91 7.07 7.6; 9.10 1.03 7.27
8 7.60 9.11 9.27 9 9'.' 11.65 9.23 9.51

10 9.63 11.66 11.82 12.40 14.69 11 78 11.92
12 11.56 13.92 14.08 14.66 17.48 14.54 14 38
14 13.59 16.22 16.38 17.16 20.42 16.35 10.'0?
16 15.50 18.46 18 62 19.34 23.11 18_`9 1F 90
18 18.00 22.18 22.34 23.06 27.77 22 31 %2.54
20 20.00 24.66 24.82 25.54 30.71 24.79 2C ' ' I.
24 24.00 29.62 29.78 30.50 36 71 25.75 29 E8 I

I'
30 30.00 37.06 37.22 37.96 4592 37,21 3/.48 1

36 36.00 44.52 44.68 45.42 54.94 44 67 44.94 1 1

°Subject to manufacturinc tolerances

L ri I...- I --el
i T

,,, 02 W
c...,
....

.

. .. .._

i
Fig. 4-13
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PVC plastic pipe has established itself as a reliable pipe
product, superior to metallic pipe in many respects. It
is immune to electrolytic and galvanic corrosion. It can
absorb stresses under many loads that could break rigid
pipe. It is lightweight and, with JM R NG-TITE joints,
a PVC pipeline can be installed in less time at less
expense.

Now, with CLASS 150 RING-TITE PVC pipe, Johns-
Manville makes available the only PVC pipe specifically
designed to meet the rigorous standards of the Amer-
ican Water Works industry. It provides the quality that
should be present in demanding water-systems service.

An extra-strength pipe (SDR 13.5 dimensions) ex-

I

Sizes' (nom. I.D. IPS) 4" and 6"
Laying lengths: 20'41"
Fittings and Adaptors: 6" J-M Fiber Glass fittings; IPS-metal. and
other metal fittings. Adaptors available.

4-to-1 Safety Factor
CLASS 150 wall thickness with
4000 psi long-term hoop stress
provides for an ultimate minimum
hydrostatic strength capacity of
600 psi, a 4-to-1 Safety Factor
based on 150 psi operating pres-
sure. Provides the extra strength
desired in commonly-accepted en-
gineering practice, to resist surges
and water hammer.

Tough, Resilient
The extra wall thickness means
extra strength to resist strains and
stresses that could rupture weaker
pipes. Minimum 4000 psi hoop
stress in 1000-hour tests. Virtually
immune to the impact damage en
countered in ordinary handling and
operations. Can absorb stiesses
under heavy loads that, in t-iny
instances, could break rigid p:;:e.

No Metallic Corrosion
Immune to electrolytic and galvanic
corrosion. PVC resin is unaffucted

truded from clean, virgin, class 12453-5 PVC com-
pound conforming to resin specification 0-'17811.
provucl by National Sanitation Found;;tion for p:it;1,,I.
water service. Minimum, long-term hydi litre
strength sufficient for 4 -to 1 safety fator 150
operating pressureto meet requirements of accept
water works engineering practice. Imegis:1, thicHm2d
wall hell with deep ring groove to seat a rubber sealin
ring as shown.

Specifically designed to satisfy commonly-accepte
requirement of 4-to-1 safety factor in municipal wale
systems primarily. Also for other impoi taut service
including industrial water supply, f irelines, force
sewer mains.

Nom. Size
IPS

4"
6"

DIMENSIONS AND WEIGHTS

Pipe Barrel O.D.
Op. Press. Mm. Wall Tolerance
psi Ca 73"F. Thickness O.D. + or

150
150

0.333"
0.491"

All dimensions are in inchr's

by the corrosive waters and soils en-
countered in most water distribu-
tion systems. No increase in in-
ternal friction or reduction of in-
ternal diameter as a result of tuber
culation or corrosion. No need for
costly lining, wrapping, coating or
cathodic protection.

High Flow
Coefficient of flow is C- 150 11 &H,
the best available in common use in
water systems. Smooth wall stays
smooth during long years of service,
no loss in carrying capacity. Permits
savings in purnpilly costs or savings
in pipe sizes. See page 4.

Tight Joints
Seated in a deep groove, the flexi-
ble rubber ring provides a tight,
flexible seal that remains tight and
cushions the line zajainst sho;:k,
vioration, iinci earth movements.
Also compensates for expansion
and contraction of pipe lengths and
eliininates the need for "snaking."

Fig. 4-14
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4.500"
6.625"

.000"

.011"

Wt. lbs.
Per

Length

E.7.2
124.7

Eliminates all solvent-weld prob
lems. No field-mixing or e.pplic.atio
of cement. No weakening o. the
pipe wall by solvent. No delay
while waiting for the solvent to se
Johns-Manville,' the pioneer an'
leader in rubber-ring joints simph
Pies joint-making and provides th
ring joint designed to start tight an
stay tight under all conditions o
service.

Low Installed Cost
Engineered to reduce the amoun
of materials required and to sa,.
time, J-M CLASS-150 RING -TIT
PVC pipe can ho installed in a fro
tion of the time it takes to opct
and prepare thci trench, All length
can he handled by hand. Nc costs
handling equipment noccssr
Long, Iva,' v foot lengths ri,;;;(
the numb ,1 joints to La
R I NG-Tk 'C joints ar'.
seconds. !ceded fittings al

adaptors See th;: In
lowing di.



NEW J-M RING-T1TE PVC SEWER PIPE
The growing demand for an effective, all-out attack on water pollution, high-lights the need for improved sani-
tary sewage collection systems. A modern system needs pipe with improved design for joint tightness and
improved design for reserve strength and stiffness to increase load-bearing capacity ... all within the frame-
work of maximizing sewer system capacity at reasonable cost. New Johns-Manville RING-TITE PVC Sewer Pipe
is designed to meet this need.

New Ring-Tite joint meets exacting
tightness requirements, simplifies
assembly

The bell is an integral part
of the pipe length with same
strength.

Stiffener rings lock-In the
sealing ring and add more
strength and stiffness at
every joint throughout the
line.

ISpigot ends are supplied
from factory with bevel, but
cut ends need not be bev-
elled on the jobsite. Simply

(remove burrs and round the
cut end with an ordinary
file.

Locked-in rubber sealing
ring provides tight, flexible
seal. Cannot be dislodged
or fish-mouthed when spig-
ot end is pushed In.

The pioneer and largest supplier in the U.S. of pipe
with rubber-ring joints, Johns-Manville now introduces
another important step forward in joints for gravity
sewer pipe. This new RING-TITE joint passes a 25 psi
air test in the laboratory, as shown in the Specification
on page 5. It provides the basis for exacting exfiltra-
tion/infiltration specifications. And the new joint is
simpler to assemble. The locked-in ring eliminates
separate handling, cleaning, and inserting of the ring.
The need for bevelling is eliminated.

20% more wall thickness in 8" size
provides greater load-carrying capacity

J-M and proposed ASTM
wall thicknesses are the
same

J-M Wall thickness 0.240"
Proposed ASTM wall 0.200"

With 20% more wall thickness, 8" J-M RING-TITE PVC
Sewer Pipe has 75% more stiffness than a pipe sized
to the proposed ASTM standard. With 75% more "pipe
stiffness", the J-M pipe can carry significantly heavier
loads than the thinner-wall PVC pipes.

As shown J-M RING-TITE PVC Sewer Pipe in the 4"
and 6" sizes are manufactured to Vie ASTM proposed
wall thicknesses. These sizes are Lsually used in build-
ing connections or laterals.

PVC pipes are flexible conduits which are designed to
deflect vertically under the weight of the load on the
pipe and, by outward deflection at the sides, transmit
part of the load to the passive soil resistance of the
compacted backfill. Thus the flexible conduit together
with properly-compacted backfill and bedding form an
interaction system that provides the structural strength
that carries the load imposed on the pipe.

Now 8" J-M RING-TITE PVC Sewer Pipe, with more
wall thickness and more "pipe stiffness", increases
substantially the load-carrying capacity of the soil-
conduit interaction system. This capacity is adequate
to support heavy loads and to provide in addition sub-
stantial reserve strength to cope with variable and
unpredictable soil conditions. it provides also reserve
strength to withstand stresses and strains ordinarily
encountered in handling and installation.

Fig. 4-15
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Shapes and Uses of Corrugated Conduits

Shape

.

Round

Vertically-
elongated
(ellipse)

5% is common

Pipe-arch

6 in. to 21 ft

4 ft to 21 ft
nominal; before

elongating

span x rise
18 in. x 11 in.

to
20 ft 7 in. x
13 It 2 in.

Underpass*

5 ft 8 in. x
5 ft 9 in.

to
20 ft 4 in. x
17 ft 10 in.

Arch 5 ft to 21 ft

Specials Various

Common Uses

Culverts. subdrains, sewers, service
tunnels, etc. All plates same radius.
For medium and high fills(or trenches).

Culverts. sewers, service tunnels, re-
covery tunnels. Plates of varying
radii ; shop fabr.cation. For appearance
and where backhll compaction is only
moderate.

Wnere headroom is limited. Has
hydraulic advantages. Corner plate
radius, 18 inches or 31 inches tar
structural plate.

For pedestrians, livestock or vehicles
(structural plate).

For low clearance large waterway open-
ing, and aesthetics (structural plate).

For lining old structures or other
special purposes. Special fabrication.

'For equal area or clearance, the round shape is generally more economical and simpler to
assemble.

Specifications for Corrugated Steel Drainage Structures

End User Galvanized
Structural

Coaled Plate Perforated

State and County
Highways, Mumma! AASHO M-36 AASHO M-190

BPR for Federal h-
ways ys (includinn lor
gists, narks, etc )

Fed. Aviation Agency

Railways

federal GSA

(FP-_ _`) (FP-. 1)

FAA FAA
Standards Standards

AREA 1-4 6 AREA 1.4-13

WW 1' 00105 WW P-00405
C1)1,1 Pi! COMP?
(interim)

AASHO M-167

(FP-__*)

AREA 1-4-25

WW P-00105
COM PR
(interim)

AASHO M-136

FAA
Standards

ARCA 1-4.11

WW P 00405
COM-PR
(interim)

'Suffix is last iwo digits denoting year !:... pub:rshed.

Fig. 4-16
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American Standard Pipe"
wELDEn %vuot.oirr IRON

Nominal
pipe siie

Aetna)
()nisi&
diala

1.)

Tap-
th ill
sizr

S

Tied.
per
in
T

Disianee

L

Wall Ihirkness .\ 1Vcight pounds per

Extra
stiong

SIP

font'

i)..,11.!,
flit,.

/111010

Stand-
and
40'

ENII3
to rang

liO,

Don)).-
extra

tat tone

---
Stond-

lod
.111,

li 0.405 11.2 27 ?ir, 0.070 0.098 0.2r

-._.-

0.32

N 0.510 7.1., Is %, 0.090 0.122 0.13 0.51

% 0.675 3764 18 1964 0 093 (1.129 0.57 0.74

0.810 "32 14 ,.1 0.111 0.151 0.307 0.86 1.09 1.71

% 1.050 6?6, 14 1:`:12 0.115 0.157 0.318 1.11 1.48 2.10

1 1.315 1 9:i2 11 I 0 136 0.183 0.369 1.68 2.18 3 65!

1N 1.660 1 1,.:i 111.1 3',61 0 113 6 195 0.393 2.28 3.00 .5.21

M 1.900 11764 111..i 9 0.118 9.201 (1.111 2.72 3.61 6 91

2 2.375 2 7,i.! 1111 361 0.1.s 0.223 0.117 3.66 5.03 9.02

2:4 2.875 2 r)s S :IN 0 208i 0,282 0.565 5.80 7.67 13 Ised.

3 '3.5 3 1; 8 li'r, 0.221 0.306, 0.615 7.5S 10.3 18.5

3% 4.0 3 :1 S 1 0.231 0.325 9.11 12.5 .....

4 4.5 4 11 8 1 1;6 0.212 0.311 0.690 10.8 15.0 27.4r,

5 5.563 5 r,,, 8 1 ::32 0.263 0.383 0.708 14.7 20.8 38.55,

6 6.625 G ;lic 8 1 !4 0.2S0 0.141 0.881 19.0 28.6 53.14

8 8.625 8 11:12 0.329 0.510 0.89.- 28.6 3.4 72.42

10 10.75 8 113,:, 0.372 0.606 40.5 61.4

12 12.73 8 1 0.111 0.702 53.6 88.6

1401) 11.0 8 2 0.437 0.759 62.2 101.

16 Op 16 0 8 21 0.500 81.2

18 01) is 0 8 `21:,1si 2 0.562 103.
2001) 20 0 8 2! ?:{2 0.502 115.
2401) 21.0 8 3

1Thintnsions ii. inet es,
For we did and ,eatilless steel pipe-see ASA T1311.10 1030,

I Refers to A Mel it Standar.) seheilide numbelp, approximate values for the expression 1,000 Y. PiN.
Schedule 40- standard utaglit.

Schedule SO
Not Arneliesn Standard, lull ennimereislly available in hoOt wrought iron and steel.

I A Vila sire may la- I.) giving the noininsl pipe six,' and wall thiel.m...s. or by giving the
nominal pipe Nis° and weight per linear foot.

Pltdcl o(,)4.

Fig. 4-17
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Table 10 .... USA Standard Wrought Steel
Butt-Welding Fittings

Long Radius Elbows

Center-to-
Nom I End

0

Long Radius
Returns

u

Slraighl Tees
and Crosses

Cent er4o
1 End

Taal Out. . Out- 'Center- Back Out-

Pipe side 90- ' 45- sideside to- to
Size p1°71- ' Deg l Deg

eter at El- ' El-
Di'm" Center
eter at

Face oul-
eter at Run

Bevel bows , bows Bevel Bevel I C M
A I B 0 K

.S It 0.8411 3 1 b (1.S40, I

175 1.0S11 21, 11,;, 1.1150: Ill I',
7315 1.31S 3 2 N 1.315' 111 1;

I I .(.161) 1 siir,0 31 1.000
I .901) 91 11 1 .I/00 31 1.900 -

2.375: 3 I". 2.375 0 4 A 2,37:i 211
s,Ii

' ').875! 31
3 3.51)14..

11
.1

0.575 71
3.500 II

,36

6'
2,h75
3 ,5001 3" 3,

.0110 ri.14 1, 4 .000 11)! 71 4.000' :1,1

4 4.501) 6 .500' 12 S1 4.500 ');

5.503 71 31 5 .503 15 r).51;31
G 0:625 9 0.025 18 12A 6.025' 5;1
S ' 5.625 12 5 S.025' 24 10 A 53025: s i

10 .10.750 IS 01 10.759! :i(1 201 10.750,
12 12.750 18 71 12.754) 3( 24;1 12.7511'1(1 In

1 I 1.1.11011 21 81 . 000! 28 14 .00011 11

Di 10.000, 10 10 .11001 32 111.0011 12 12

15 ,IS.0911 27 111 IS.IHN11 51 15,))9i) Ill 13;
211 .20.0014 ill 121 .11011, 01) '10 20,06W IS 1:1

22 X22.01111 33 131 110111 14 22 .000 1(1!,
21 ;2-1.000' 30 15 21.000. 72 48 410417.1 17

from L'SA. Sbindod for Steel Bull-Weldinu Fillings, IJSAS 1416.9-1964.
All d:mensions are in inches. I Mliension A is equal to j of dimension

Outlet dimension M for run sizes 11 in. and larger is recommended bat
not mandatory.

Dimensions and Drilling for 125-Lb
Class Cast Iron Flanges"b

UPS , A B C D--
1 1 4!
11 4;1 i
11 5 9

!a- (1 1

21 7 1k Iii

3 71
A 1 ,36

4
5

8
10
12

_ .

31

31
4;
51
6

'71

91
111
141
17

8

8
8

12
12

4

° A1111ineni-ions in 11301..8.
b From It 46. I- 4967.

= number of bolt holes.

Fig. 4-18 Fitting Dimensions
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Elbow

Dimensions of American 150 Lb Standard Malleable-iron Screwed
Fittings (Straight Sizes)*

(All dimensions in inches)

f' A -+-AE

A r

--K

A

_I
Tee

1-4-H

Coupling

Cross

att-rPE
Cop

45°elbow

TT
v :

; I

t _

45° Y branch

14-11

R ---I
Return bend

Size A 1!

'A 1 0 69
0 81

414 0.95
1 12

1 31

1 1.50

11.4 1.75

11.2 1 94

2 2 25
217 2 70
3 3 08
31.2 3 42
4 3 79
5 1 4.50

6 5.13

C

0.693 0 200
0.844 0.215 0.73
1.015 0.230: 0.80
1.197' 0.249 0.88
1.458 0.273' 0.98
1.771 0.302 1.12

2.153, 0.341 1.29

2.427' 0.368 1.43

2.963 0.422 1.68
3.589: 0.478 1.95
4.285' 0.548 2.17
4.8431 0.604 2.39
5.401, 0.661 2.61

6.583' 0.780 3.05
7.767, 0.900 3.46

U W

0.96
1.06

P
Close uw open

1.93 1 43 1.16

2.32 1 71 1.34 0.87 1.000 1.25 1.50

2.77 2.05 1.52 0.97 1.250 1.50 2.00

3.28 2.43 1.67 1.16 1.500 I 875 2 50

3.94 2.92 1.93 1.28 1.750 2.25 3.00

4.38 3 28 2 15 1.33 2.188 2.50 3 50
5.17 3.93 2 53 1.45 2.625 3.00 4 00

6.25 4 73 2.88 1.70 4 50

7.26 5.55 3.18 1.80 5.00

3.43 1.90

8.98 6.97 3.69 2.08
2.32
2.55

*The complete standard (ASA 1110e, 111:39) covers also reducing couplings, elbows, teen crosses,

and service or street elbows and tees. Fig. 4-19 Fitting Dimensions

(a)
Screwed Mono!. to fitting

mint;d f'pinin Leof

(c)
Lapped pipe to fitting

joint, square corner

(b)
Screwed flange pipe joint, male
and female face

1;

Lapped pi(pe 0 to pipe
joint, round corner

(e)
Ri.)g and Groove joint,
welding neck flange to

fitting

Lapped pipe
(9)

tofif-ting
(f) joi ntSargol seal welded

Lapped pipe to fitting joint,
Sarlun seal welded Fig. 4-20 Types of Flanged Joints
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Dimensions of American Standard Cast-iron Screwed Drainage Fittings
Run

90° elbow

<<t'3' inlet

A

45.elbow

Run

; Inlet

Outlet
Three-way elbow

C Run
Run

45° Y branch
Inlet

T
A

A Run

90'Iono turn 45° long turn
elbow elbow

Run
90° e- branch Run Tee

90°Iong turn Y - branch

Run

Size.
in.

A

I 5i1 141
1 ti
2 214
2ti 21116
3 33i,,
4 31316
5 .11.

6 53(,

! degi 90 deg, 45 degi

el- 'I el- long-turn turn
elbows elbow,,,

A .4

15-is
11
IILi6
1t516

2114

Pis
3716

Three-
way

elbows t
Teem* 90degV

branches

90 deg long-
turn

brandies

4:3 deg Y
branches

AB AB A II A B C A

1% 43i 231 131-1 334 33,1 214 4,1.;
I

35ii
I

114 5 334
21,i 1,4 5 25i II 434, 53;iI 4's 1 '4 515 336

211 61. 31,"6 241 45i 54'6 35,6 7 I 51,11131 61,i 494
1117 1, 251 751 3' 5i 6 2111, 544 611.16 311i6 81:1 2 7N 596

21416 411 3116 614 75.i 43i 735.2)8 9 fihs
5316 Pi IVI;53-ce P? 714, 891 5446,0 I97gI51;I1C/N 7"is
61.4 414, 1211 61.i 43.i 'Pis 6'4 P153.i 121,i'350215i11 931
754 474 1451 7,111 536 1014 1111r6 756 noi!t4N,414i14,i I09:

I

Sante as adopted for 125 lb ('ast -iron Screwed Fittings, ASA B1611, 1941.
t Three-way elbows have same dimensions as 90 deg to ,g- radius elbows.

Double Al branches have the same dimensions as sing e 11: branches.
Other fittings whir), are available arc as follows: 556, 1111. and 60 deg elbows; basin tees and (Tosses:

double 90 deg Y branches; double 90 (leg long-turn Y "mulches; 45 deg double 1: branches; S traps;
half S traps; offsets, couplings, increasers, and reducing sizes.

Fig. 4-21

Dimensions of Malleable 90-Deg Elbows,
Tees, Crosses, and 45-Deg Elbows (Straight Sizes, 150 Lb)

ELBOW TEE

Center Center
Nom- to End,

to End,
Length Width

final , Elbows, 45- of of
Pipe I Tees, Thread, Bond,
Size 1 and

Elbowgs
Min Min

Crosses
l A

. 0.25
0.81 0 73 0.32
04j I 0 So o.:;4;

I.P2 (1.55 0.43

1.31
1 1.50

1.9

2} 1 2.70
:3 3.08

3.42

1 3.79
5 ' 4.50
6 5.13

0.98
1.12
1.29
1.43

1.65
1.95
2.17
2.39

0.50
0.58
11.67
0.70

0.75
0.92
0.98
1.03

2.61 1.08
3.05 1.18
3.46 1.28

E

0.2011
0.215

11.119,

0.3 11

0.122
0.178
0.54SI
0.001,

0.061
0.780
0.900

C FiC55

Inside Diameter
of Fitting

Min I Max I

F

0.40510.435
0.510 11.584
0.075 0.719
11.810 0.897

1.050
1.315
1.600
1.900

2.375,
2.875.
:1.519)
4.000.

1. 5011,

5.5031
0.6251

45' ELBOW

Outside

Thick-
Metal 'Diameter

ness
of Band,

Min

1.107 0.120
1.385 0.131
1.7:30 0.115'
1.9701 11.1551

2.415 0.173
2.9751 0.2101

.11011 0.2311
.1001 0.248

1.600, 0.205,
5.0031 0.300
0.725' 0.33)1

H

(1. ('9:1
0.844
(.015
1.197

1.158
1.771
2.153
2.427

2.1.1113

:3.5511
4.285
4.8-13

5.101
11.583
7.767

Friiin USA fee !ilia .Scrritird IS)) lb. 1:5.1.-1

1316.1-1903. All dimensions given in inches.

Fig. 4-22
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90' ELBOW
C TO C

Standard
Water Tube

Size

1

11,

'2
)2

4
5
6
8

Courtesy-
Marks Handbook
McGraw Hill Book C

Dimensions of Cast-Brass Solder-Joint Elbows,
Tees, and 45-Deg Elbows

(Straight Sizes)

Tr r
C TO C TO C

Laying
Length

Tee and
Elbow

H

16
7

1 6

16

3
4

I ty

I}
I"
/

/ I- I

3 .4

45' ELBOW 90* STREET El BOW 43' STREET ELBOW
C TO C C TO F C TO F

Center to End
90-Deg Street

Elbow

1

le

1;

I'-

1;

I:13

Laying
Length

45-Deg
Elbow

1

Center to End
45-Deg Street

Elbow

Q

3
16

4

s6

IS
2

9
16

I its

21

3

7

1 13S

11s 6

1186

21

Ironi for Cast-liras.: kti It In. I 8-1963
and addendum US 55 1116.18a-1907. All dimensions given in inches.



CAST-BRASS SOLDER-JOINT DRAINAGE FITTINGS

I. BEND (90 °) BEND (90°)
C TO F (SHORT)

- BEND (60°)

3-WAY ELBOW

SANITARY TEE
WITH 2 INLETS

AT 43°

SANITARY .TEE

DOUBLE SANITARY TEE

Pritrt pig

k BEND (45°)
I.\ I I°'

re BEND 222) 32 BEND )

SANITARY TEE WITH LEFT HAND SIDE INLET

TO DETERMINE WHETHER INLETS ARE RIGHT
HAND OR LEFT HAND, PLACE THE FITTING
WITH THE LARGE SIDE INLET FACING
TOWARD YOU. THE SIDE ON WHICH THE
DrHER INLET APPEARS DETERMINES /TS
DESIGNATION

LONG TURN T-Y

DOUBLE 45° Y

DOUBLE LONG TURN T-Y

COPPER TO SUL PIPE ADAPTER

45° Y

CLOSET FLANGE

TYPICAL CAST-BRASS SOLDER.JOINT DRAINAGE FITTINGS

NOTE: Inlets to all fittings having openings at nominally 90 deg are pitched at I / 4 inch to the toot with the
pitch In the direction as shown (exaggerated for purpose of illustration). Similar type of fittings are
pitched likewise.

Fig. 4-23
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Globe Valve. Oren
4,1711

Angle 'Valle, Open

Friction losses in pipe fittings

Gate Valve
Stit Closed

Closud

11.4 Cloud

v

Standard Tcc

Square Elbow

Sw'ng Check Va ve,
Open

I,

-

Close Return Bend

Ern
Standard Tcc

Through Side Outlet

Borda Entrance

Example: The dotted line shows that
the resistance of a non.:h Standard LI-
how is cum. alert: to approyanately
tect of 0-inch Standard Pipe
Note: Tor sudden enlargements or such
,icri C /111 r a, turns, use the smaller charne-
1 CI d, 011 the pipe see scale

i Sudden EnlaTTFibent

Jib- 1/2

Standard Elbow or run of
Tee reduced 1,t

Medium Sweep Elbow or
run of Tee reduced IA

Long Sweep Elbow or
run of Standard Tee

Ordinary Entrance

3000

1000

1 000

-500

300

- 200

:100

E
-50 .

30

20
Ti

15

-10 ..e

-S

3

I

2 21
4

3

48
-50

42

36

30 30

24-
:Z

20 20
IS

16-
14-

12-

0z

2 - _ 2
\iSudden Contraction -1_ -----d/0- i.4

L d/D- 1/2
- 11h

-
_

I IA
d/D - 3,4 -0.5

-
-0.3 I 71

45' Elbow
-0.2

-0.1

Courtesy- THE CRANE COMPANY

-0.5

Friction Loss in Pipe Fittings in terms of equivalent feet of straight pipe.
These data may be applied to any liquid or gas

-: ----
Nom-

wipe Actual Gate 1

Long- Stil

I

sweep elbowI

Sid
ter

Size inside Valve I 45° ' dhow or or run thru
Dm diam. ) Elbow run of .1 tee side

Wt
Sid oi 1, ULL

()PEN ,
Std reduced outlet
tee 2'

Resistance fartor 19 42 it 9 1 9

ky, ; 622 35 ' 79 I II 1 7 3 3
,i', 024 441 97, I 4 21 42

54 i I 23 1 8 20 I 53
111 1 380 74 1 it 2 3 35 70
1,- 1 610 80 1 9 2- 4 1 B.1
2 2 0071 1 10 24 35 5 2 I 10.4
2,1 2 409 132 ' 2 9 4 2 h 2 12 4
3 3 0b8 I 6 3b 5.' 7, 155
4 4 020 2 I 4 7 h 4 10 2 20 3
5 5 047 27 59 8 5 12 7 254

136 005 32 71 10 2 I53 31
7 7 024 3 7 8 3 11 8 17 7 35
8 7 991 43 94 134 20 2 40

10 I() 020 5 3 I II 8 16 9 25 3 3
12 j 12 0810 b 4 14 1 20 2 30 6
14 1 7 5 Its 5 23 5 35 7

lb 8 5 14 8 A 'I 40 8
18 9 o 21 2 30 45 4
20 10 7 23 5 34 511 10
24 12 8 24 2 40 61 12
30 16 0 35 3 50 76 15
30 19 2 42 4 ht bi IS
42 22 4 44 4 71 100 212
48 25.4 57 It 81 121 242

1 Equivalent Resistance of Std. Wt.
Welding Elbows

Length of Straight Pipe (Peet)"
Clint Swing Angle Globe

I return
bend

check

veLIviNULL

Valve

FULL

Valve

FULL.

90° Elbows 45° Elbows

OPEN OPEN OPEN Short Long Short Long
Radius Radius Radius Radius

2 2 2.3 5 10 DN =1 R.:DN.. R/DN=.1. R/Dttiii
4 1 4 3 93 180 : 008 0.445I 53 II 5 231 : 091 0.58
65 68 147 214 1 6 1 15 1.01 0.74

89. il 104 44
193
'126

180 2 I

452 24
I5
I 1+

1.33
1.6

0.98
1.14

12N 13.4 29 58 3.1 2.3 2.0 1.6
15 2 15 9 35 bit 3,7 2.7 24 1.7
1R.9 19.8 43 80 4 7 3,4 3.0 2.2
24.8 2b.0 5: 113 0 I 4.4 3.9 2.9
31 33 71 142 7 7 5.6 49 3.6
:17 39 85 1711 9 2 0 7 5.9 4.3
43 45 98 147 It tt It
49 52 112 224 12.1 8.8 77 5.7
62 05 141 281 15.2 11 0 97 7.1

74 77 tog 334 IR 2 13.2 11.6 8.5
Ke, 40 20.1 14 0 12 8 9.4
49 104 23 I 10 8 14 7 10.8

111 110 26 2 19 0 16 7 12.2
123 129 29 21 2 18.6 13.6
149 1.55 35 25 6 22.5 16.5
185 193 44 32 28.3 20.7
222 232 53 39 34 25.0
259 271 1,3 45 40 29.2
290 310 72 52 46 33

Data 011 fittings based on information published by Crane Cu.
For 180° bend multiply values for 40° bend by 1.34.
Data are based on Fanning coefficient of 0.006, as taken front Chart No. 18 of Catalog 211 of Tube Turns, Inc.

IShort Radius elbows, R, =1, not made in this site and weight.
Not made i 11 this size. Fig. 4-24

Courtesy- INGERSOLL-RAND COMPANY
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UTILITIES DIVISION

TYLER
PIPE INDUSTRIES MECHANICAL JOINT DIMENSIONS

SAMPLE SPECIFICATION

CAST IRON MECHANICAL JOINT FITTINGS shall be made in strict accordance with AWWA Specifications C110-64, C111-64 and Federal
Specifications WW-P-421 b and shall conform to details and dimensions published therein.

14 thru 48" glands only --z
r

K2

NM.qt.A.MihNt APY

1111EI

J A DC

DIMENSIONS

K I

IN INCHES

Size A B C

3 39
4.84
5.92
8.02

D F ¢ X J K' K2 L M 0

2

3

4

6

2.50
3.96
4.80
6.90

2 50
2.50
2.50
2.50

3 50
4.94
6.02
8.12

2.61

4.06
4.90
7.00

28 °

28°
28°
28°

1/2

1/2

1/2

1/2

4.75
6.19
7.50
9.50

6.00
7.62
9.06

11.76

6.25
7.69
9.12

11.12

.56

.94
1.00
1.06

.62 .31

.62 .31

.75 .31

.88 .31

.63

.63

.75

.75

.37

.52
.65
.70

8 9.05 2.50 10.17 10.27 9.15 28° 1/2 11.75 13.31 13.37 1.12 1.00 .31 .75 .75
10 11.10 2.50 12.22 12.34 11.20 28° 1/2 14.00 15.62 15.62 1.19 1.00 .31 .75 .80
12 13.20 2.50 14.32 14.44 13.30 28° 1/2 16.25 17.88 17.88 1.25 1.00 .31 .75 .85
14 15.30 3.50 16.40 16.54 15.44 28° ',/, 18.75 20.25 20.25 1.31 1.25 .31 .75 .89

16 17.40 3.50 18.50 18 64 17.54 28° '/, 21.00 22.50 22,50 1.38 1.31 .31 .75 .97
18 19.50 3.50 20.60 20.74 19.64 28° '/, 23.25 24.75 24.75 1.44 1.38 .31 .75 1.05
20 21.60 3.50 22.70 22.84 21.74 28° i7, 25.50 27.00 27.00 1.50 1.44 .31 .75 1.12
24 25.80 3.50 26.90 27.04 25.94 28° 1/2 30.00 31.50 31.50 1.62 1.56 .31 .75 1.22

JOINT DIMENSIONS, ACCESSORIES, WEIGHTS

*Wt. of Gland, Pipe *Wt. of Gland, Pipe
Bolts Bolts and Barrel Pipe Boils Bolts and Barrel Pipe

Size No. Size Lgth. Gasket, Lbs. 0. D. Pattern Size No. Size Lgth. Gasket, Lbs. 0. D. Pattern

2 2 5/6 3 5 2.50 12 8 3/4 4 40 13.20 AB
3 4 5/, 3 7 3.96 BCD 14 10 3/4 4 45 15.30 AB

4 4 3/4 3 72 10 4.80 A 16 12 3/4 4 1/2 55 17.40 AB

6 6 3/4 3 'h 16 6.90 A 18 12 % 4 1/2 65 19.50 AB

8 6 34 4 25 9.05 AB 20 14 1.4 4 1/2 85 21.60 AB
10 8 3/4 4 30 11.10 A8 24 16 3,4 5 105 25.80 AB

* Weights not part of specifications-for Information only.

CEMENT LINING

Cement mortar lining is prepared in strict accordance with ASA A21.4. The mortar is a
thorough mixture of exact proportions of Portland cement, sand and water. The cement
is applied by skilled craftsmen, and is cured for 24 hours before tar coating. All castings
are cured in a special area to assure even drying and density.

Fig. 4-25
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2a Ball Joint ID* 577: Method

Introduction

Type N

CASING

360°
ROTATION

I ----ANGULAR
FLEX

Figure 5

INNER
GASKET

FLANGE

OUTER
GASKET

Barco
Ball Joints
For over 50 years Barco has manu-
factured Ball Joints for piping flex-
ibility. In the early 1900's, Barco
Ball Joints gained acceptance in
the Railroad Industry to provide
flexibility in locomotive steam
piping and in passenger car steam
connections. This acceptance
spread to general industry. Barco
has proved the reliability of Ball
Joints through many years of de-
pendable service and today the
use of Ball Joints for accommodat-
ing many kinds of pipe movement
throughout industry is firmly
established.

Standard and
600 Series

INNER
CASKET

OUTER
GASKET

Figure 6

.--------/

ANGULAR
/.------ FLEX -----'\
/

CASING

BALL

NUT

360°
ROTATION

Construction
A Barco Ball Joint is made up of
four major parts as shown in Figure
5 and Figure 6; a polished spheri-
cal hall, a machined casing, seal-
ing gaskets and a retaining flange
or nut.

Fig. 4-26

-56-

Sealing
Principle
The internal fluid pressure aids in
effecting the seal of the ball sur-
face against the gasket, "higher
the pressuretighter the seal".
Forces caused by fluid pressure
are wholly contained within the
ball joints thus imposing no force
due to fluid pressure on the system
equipment and anchors as is the
case with bellows or slip type ex-
pansion joints.

Courtesy
Barco



Identification Plate

Hand Wheel

Body

Stem

Packing Nut

Packing

Union Bonnet

Solid Wedge Disc

Gate Valves

Hinge Pin

Cap

Body Disc

Swing Check

Identification Plate

Disc
LockNut

Disc
Carrier

Hand Wheel

Packing
Nut

Bonnet

Disc
Lock Nut

Identification Plate

Hand Wheel

Body

Body

Stem

Packing Nut

Packing

Union Bonnet

Split Wedge Disc

Gate Valves

Body

Port'

Body Disc

Globe Valve

Fig. 4-27a. Types of Valves
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Disc

Lift Check

Core or Plug

Lock Nut

Balancing Valve



------______/

Conventional Globe Valve

Y-Pattern Globe Valve
With Stem 60 degrees from Run

C tonal Swing Check Valve

Conventional Globe Valve
With Disc Guide

C lional Angle Valve

Y-Pattern Globe Valve
With Stem 45 degrees from Run

Clearway Swing Check Valve

Fig. 4-27b. Types of Valves
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Globe Type Lift Check Valve

Courtesy- Crane Co.



Conventional Gate Valve

Angle Stop-Check Valve

In-Line Ball Check Valve

Plug Gate Valve

Foot Valve
With Strainer
Poppet Type

Fig. 4-27c. Types of Valves
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Pipe Line Gate Valve

Foot Valve
With Strainer
Hinged Type

Three-Way Cock
Sectional and Outside Views

Courtesy- Crane Co.



Stem

Seat ring

Spherical plug

Body
Rail vak a in closeI

B

PRESSURE-TEMPERATURE RATINGS
SFRV10E BL-301 UUNA -N BL :31TF TEFLON

WATLR
OIL OR
CAS

400 psig (cp. 100°F
300 psig (i4 12b °F
200 psig 41? 150°F
100 psig E's' 220°F

430 psig 6..i., 100°F
300 psig Cii 200°F
250 psi; C;: 3CC,0F
200 psq; (I: 400°F

ST LAM 150 psig Saturated Steam

NOTE: 81.301 with Buna N trim is Underwriters Laboratories ap
proved for use on Liquefied Petroleum Gas at maximum pressure
of 250 psig.

TESTS
Hydrostatic Shell 600 Lbs psig
Air under Waver 250 Lbs psig

li

1 - '4S

A

MATERIALS
1. BODY. Forged brass. ASTM B 283.
2. CAP. Forced brass. ASTM B 283.
3. SEAT. BL-301: Buna 14, brass insert.

BL301TF: Teflon.
4. STEM. Naval brass. ASTM B21 Alloy C.
9. BALL V. thru 1": Naval brass ASTM B 21 Alloy C.

1V." thru 2": Forged brass ASTM B 283.
6. HANDLE. Carbon steel, cadmium plated.
7, GRIP. BL 301 Black vinyl.

BL-301TF: White vinyl.
8. SCREW. Carbon steel, cadmium plated.
9. 0-RING. 81-301: Buna -N.

81...301TF: Viton rubber Teflon.
10. 0-RING. 131.301: Buna-N.

BL301TF: Teflon.
11. SHAKEPROOF NUT: Carbon steel, cadmium plated.

Courtesy-
R -P-C Valve Co.

Ball valves turn from full closed to full open in
one-quarter turn and can be used for steam and water service.
The valve sterns are sealed with 0-rings.

Fig. 4-27d.

-69-

Butterfly valves are used
for ti.ht shut ofT and
throttling liquiias and
gases. The disc seats
against a Buna -1' Loot for
tight closure. v,11/

is locked in various 1-osi-
tlon3 1)cy mt'an:-; of a ratchet:
aL Sear orerators
ar u:ed cor larger
siz'.s. Discs and liners are
available in many different
materials and should be
checked against the specifi-
cations.

Courtesy- Centerline Co.
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CHAPTER 5

HANGERS, SUPPORTS AND ANCHORS

General: One of the main functions of the inspection procedure is to make

sure that all piping systems are firmly supported and anchored; also that

equipment is firmly anchored where required.

Underground water piping or sewer lines frequently are installed on steep
slopes which may require large blocks of concrete, referred to as thrust
blocks, to hold them in place and prevent slippage.

Water mains, even on level ground, have pads of concrete poured behind a

fittings or dead end to prevent the joints from blowing out or leaking.
Refer to the table in the Appendix for the pounds of thrust which develops.

Water hammer due to the rapid closing of automatic valves, as in a lawn

sprinkler system, also builds up tremendous pressure at changes of direc-

tion. Tie rods are also used for reinforcing joints, especially on fire
sprinkler mains, and large wIter utility systems, particularly where cast-
iron pipe is used.

Plans and specifications on many jobs are not specific regarding the types
of hangers or supports which are to be used. The subject is covered in
general terms, and the contractor devises his own methods for the attach-

ments and supports.

It is necessary that piping shall be installed without undue strains and
stresses; provision must be made in the hanger assemblies for expansion,
contraction, and structural settlement.

Hot water piping, particularly copper tubing, expands and cont/acts as
the temperature of the water changes. The hangers should be chosen so
that the pipe can expand free of the building structure.

The illustrations in this chapter show the types of supports commonly used
for vertical piping. Large size pipes may require metal 3/8" or more in
thickness, while small pipes may be one-half this thickness. The clamp

rests on the floor as the support for the pipe.

The above illustrations also show typical hangers used to support horizon-

tal piping. The variety and types of design for support run into the
hundreds, with the design varying with each manufacturer. The turnbuckles
shown on the threaded rods are used to set the elevations of the pipe where
it is critical. Larger pipes may require a roll type hanger to compensate

for expansion and contraction.

Where several piping systems parallel each other, as in laboratory piping
or manufacturing plants, a trapeze hanger is used. The channel is supported
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by steel rods hung from concrete inserts. The roller supports are bolted
to the trapeze and allow some expansion and contraction of the piping.

Fire sprinkler manuals illustrate a variety of hangers which are accept-
able to the National Board of Fire Underwriters for sprinkler installations.

Where the lines are long, and the expansion may be extensive, as in copper
tubing, patented expansion devices may be used, or loops incorporated in
the piping to handle the expansion. The piping must then be anchored on
each side of the loop, in order to keep the piping in alignment and make
the loop effective. The anchoring is usually done at the trapeze hangers
by angular bracing to concrete inserts set in the slab or welded to steel

beams. The force exerted by the expansion of the piping can be consider-
able, so the angular bracing must be carefully done.

Where concrete inserts are used they must be set in the slab forms prior
to the concrete pour and before the reinforcing bars are placed. There

are many manufacturers of such devices and many different types.

The Inspector should be aware of the need for the supports and should
have a knowledge of the types of supports required. The Contractor
should provide samples of the devices he proposes to use prior to actual
installation. The interested parties will be able to approve or disapprove
and each craft will know the space requirements of the other, such as
electrical, plumbing, or fire sprinkler.

Often the hanger assembly can be designed so that more than one piping
system can use the same trapeze or racks. In a large laboratory or hos-

pital, a system of pipe tunnels may connect the various buildings. Steel

racks are then installed on one or both sides of the walk through tutdels
on which all the piping for the various services is installed. Installa-

tions of this type are detailed and described in the plans and specifica-
tions prepared by the Architect/Engineer.

Equipment Anchors:

The California Code requirements governing school construction ad-
ministered by the Schoolhouse Section of the Office of Architecture and
Construction require that water storage tanks, pumps, water heaters,
institutional type kitchen equipment, sterilizers, and all such equip-
ment shall be firmly anchored to the base supporting it. The type and
size of anchors is determined at the time the plans and specifications
are checked by the above Agency.

The history of earthquakes in California has resulted in this require-

ment. The recent severe earthquake centered at Sylmar in Southern Cali-
fornia has caused a tightening of the standards. The Inspector should

be aware of this requirement when checking such work.
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Fixture Supports:

Supports needed for all fixtures must be supplied and installed by the
Plumbing Contractor in most cases.

If it involves wood backing for lavatories and openings in the walls or
floors, the Plumbing Contractor is responsible for dimensional data and
the actual framing or forming will be done by the General Contractor.

Heavy items, such as institutional fixtures, wall hung water closets,
surgeons' sinks, and others, will require steel plates for backing and
support, or special supports supplied specifically for the fixture.
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Sec. 316 Hangers and Supports
(a) Vertical Piping

(1) AttachmentVertical piping shall be secured at suffici-
ently close intervals to keep the pipe in alignment and carry the

weight of the pipe and contents. Stacks shall be supported at
their bases, and if over two (2) stories in height at each floor, by
approved metal floor clamps.

(2) Cast iron soil pipeCast iron soil pipe shall be supported
at not less than at every story height and at its base. Hub less or
compression gasket joint supported at no less than at every
story height, at its base and sufficiently close intervals to keep
the system in alignment and to adequately support the weight
of the pipe and its contents.

(3) Screwed pipeScrewed pipe (IPS) shall be supported at
not less than every other story height.

(4) Copper tubingCopper tubing shall be supported at each
story for piping one and one-half (11/2) inches and larger in
diameter and at not more than six (6) foot intervals for piping
one and one-quarter (11/4) inches and smaller in diameter.

(5) Lead PipeLead pipe shall be supported at intervals not
exceeding four (4) feet.

(6) Plastic PipePlastic pipe shall be maintained in the
straight alignment.

(b) Horizontal Piping
(1) SupportsHorizontal piping shall be supported at suffi-

ciently close intervals to keep it in alignment and prevent sagging.
(2) Cast iron soil pipeWhere joints occur, suspended cast

iron soil pipe shall be supported at not more than five (5) foot in-
tervals; except that pipe exceeding five (5) feet in length, may be
supported at not more than ten (10) foot intervals. Supports shall
be adequate to maintain alignment and prevent sagging and
shall be placed within eighteen (18) inches of the hub or joint.
Hub less or compression gasket joints must be supported at least at
every other joint except that when the developed length between
supports exceeds four (4) feet, they shall be provided at each joint.
Supports shall also be provided at each horizontal branch connec-
tion. Supports shall be placed on or immediately adjacent to
the coupling. Suspended lines shall be suitably braced to prevent
horizontal movement.

(3) Screwed pipeScrewed pipe (I.P.S.), except as provided
in Section 1213(f) and Table 12-5, shall be supported at approx-
imately ten (10) feet intervals.

(4) Copper tubingCopper tubing shall be supported at ap-
proximately six (6) foot intervals for piping one and one-half
(1 1/2) inches and smaller in diameter and ten (10) foot intervals
for piping two (2) inches and larger in diameter.

(5) Lead pipeLead pipe shall be supported by strips or
otherwise for its entire length.

(6) In groundPiping in the ground shall be laid on a firm
bed for its entire length, except where support is otherwise

provided which is adequate in the judgment of the Administrative
Authority.

(7) Plastic pipePlastic pipe shall be supported at not to
exceed four (4) feet.

(c) Hangers and Anchors

(1) MaterialHangers and anchors shall be of metal of suffi-
cient strength to maintain their proportional share of the weight
of pipe and contents.

(2) All piping, fixtures and equipment shall be adequately
supported to the satisfaction of the Administrative Authority. -65- UPC-73



Power-Activated Fasteners.
A modified firearm designed to fire a pin or
stud into concrete. This tool should be used
only by persons thoroughly checked out in
safety procedures by a qualified power-tool
expert. This tool is prohibited in some lo-
calities.

Standard

Heavy Duty
Power Activated Fasteners

Power Stud

Steel Plate & Rods

Lead Anchor

The installation procedure for a lead anchor is:
1. No. A. Drill hole 1/4" deeper than the

length of the lead anchor and insert the
anchor into the hole.

2. No. B. Select a wood screw as long as
the thickness of the fixture or fixture hanger
plus the length of the lead anchor plus 1/4".

3. No. C. Insert the wood screw through
the fixture or fixture hanger into the anchor
and tighten. The anchor will expand and
hold firmly in the wall.

1/4" deeper
o.

".=1233121.1

"1/4"

A

Installation of Lead Anchor

Wall

Threaded
Rods

1100000001111 01111011011801H11111

tooposouoil contennononat

Nut & Large
Washer

3/4"

Plaster

Fig. 5-1 Types of Fasteners
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1. Wood screw:
a) Tapered body,
b) Slotted head for screw driver use.

2. Lag screw:
a) Tapered end,
b) Fewer threads per inch,
c) Square or hex head for tightening with a

wrench.
3. Machine screw:

a) Straight body,
b) Must be used with a tapped anchor,
c) Higher number of threads per inch,
d) Slotted head for screwdriver, or square

or hex head for wrench use.
4. All slotted screws can be obtained with flat,

oval, or round head.

Standard Wood Screw Information

Size No. Threads
per In.

Diamete in In.

Decimal Fraction
(Approx.)

0 32 .064 '/16

1 28 .077
2 26 .090 M2

3 24 .103
4 22 .116 1/8

5 20 .129

6 18 .142
7 16 .155 5/32

8 15 .168

9 14 .181
10 13 .194
11 12 .207 Ms

12 11 .220

14 10 .246
1416 9 .272

18 8 .298
20 8 .324 Ms

24 7 .376 %

° Note.The length of wood
..

screws advances by .. up to ....

lengths from 1" to 3- advance by l/4"; from 3" to 6", the lengths
advance by1 /2 ".

A 1 x 10 is a No. 10, 1" long, 13 threads to
the inch, approximately 3/16" in diameter.

Machine Screw Information

2
3
4
5
6
8

10
12

.0730

.0860

.0990

.1120

.1250

.1380

.1640

.1900

.2160

A 10 x 24 x 1 machine screw is size
threads per inch, 1" long.

10, 24

Spring-Loaded Folding Toggle

Tumbling Toggle

Fig. 5-2 Screw Data
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The lag screw expansion shield is installed pri-
marily in concrete and solid masonry such as
brick and stone. The shield has internal threads
to receive a lag screw ( No. 2 ) and can be
used for heavy-duty fastening for loads not sub-
ject to extreme vibration, tension, or shear. The
lag screw shield is safest when installed in a
horizontal position as shown in No. 3.

64111\10111\

1

2

3

. Drill hole of proper diameter to depth of shield.

. Clean hole with compressed air or wet swab.

. Insert shield in hole and tap with hammer for proper
positioning.

. Place object to be fastened over shield.

. Insert lag screw through object and into shield. Tighten.

Fig. 5-3 Lag Screw
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pictorial guide

pipe rings

6 6
adj. swivel ring
solid ring type
fig. 101
?4 to 8 in. pipe

adj. swivel ring
with boss
fig. 101B
2 to 8 in. pipe

adj. swivel ring
split ring type
fig. 104
'A to 8 in. pipe

adj. clip ring
fig. 105
3,4 to 2 in. pipe

pear shape ring
fig. 232
k 2 to 6 in. pipe

pictorial guide

split ring
fig. 108
3/8 to 8 in. pipe
fig. CT-I09 1/2 to

pipe rings

split ring
with socket
fig. 107
3s to 8 in. pipe

split ring
with turnbuckle
adjuster fig. 115
38 to 8 in pipe

adj. wrought
ring fig. 97
1/2 to 8 in. pipe
fig. CT-99
1/2 to 4 in. tubing

adj. wrought
ring hanger
fig. 95
in to d in. pipe

clamps

extension split clomp
fig. 138
3,6 to 3 in. pipe
fig. CT-122
1/2 to 2 in. tubing

74

t ,4751
he0

extension pipe or
riser clamp
fig. 261
34 to 20 in. pipe;

r
c2611

copper tubing
riser clamp
fig. CT-121
1/2 to 4 in. tubing

adj. wrought
clevis fig. 260
1(2 tr, 24 in. pipe;
light weight clevis
fig. 65, 4s to 4 in. pipe

adj. wrought
ring
fig. 269
1/2 to 8 in. pipe

I

wrought double-bolt
pipe clamp
lig. 295
11/2 to 24 in. pipe

wrought pipe clamp
medium fig. 212
1/2 to 24 in. pipe;
heavy fig. 216
3 to 16 in. pipe

alloy pipe
clamp
fig. 224
4 to 16 in. pipe

clamps socket clamps beam clamps

heavy. duty
alloy pipe clamp
fig. 246
10 to 24 in. pipe

socket clamp
fig. 600
4 to 24 in. pipe

socket clamp
fig. 595
4 to 24 in. pipe

Fig. 5-4a
-69-

malleable boom clamp
with extension piece
lig. 229: without, fig. 218
safe load: 610 to 1365 lb

Courtesy -

I-beam clamp
fig. 131
safe load: 540 lb

ph-1



pipe hangers and supports

Ipictorial guide

beam clamps

center 1 -beam clamp
fig. 217
safe load: 150 lb

0C17krazzugMlam.

t' 41

Simplex top beam clamp
fig. 267
safe load: 610 to 3770 lb

swinging top beam
clamp fig. 270
safe load: 610 to 2650 lb

Universal channel
clamp fig. 226
safe load:
390 to 1140 lb

channel extension
clamp lig. 219
safe load:
610 lb

beam clamps

Simplex channel
clamp fig. 266
safe load:
460 to 1740 lb

.

r
a

3marelms

Simplex side I-beam
clamp fig. 265
sate load:
460 to 1740 lb

Universal side I-beam
clamp fig. 225
safe load:
390 to 1140 lb

top beam clamp
fig. 227
safe load:
940 lb

UFS beam clamp
with weldless eye
nut fig. 292
safe loads:
up to 11,500 lb

UFS beam clamp
with UFS nut
fig. 228
safe loads:
up to 11,500 lb

beam clamps and attachments

C-clamp
figs. 83, R4,
85, 86, 87. 88
3/4i to '4 in. rod

C-clamp and
ring hanger
fig. 94
1 to 2 in. pipe

top beam
C-clamp
fig. 64
3,'s to 1/2 in. rod

bar joist clip
fig. 67
1/2 to is in. joist

G-clamp hanger
fig. 92, 93
1/2 to 4 in. pipe

welded
beam attachment
fig. 66
3A to 21/2 in. rod

steel washer plate
fig. 60
3, to 21/2 in. rod

brackets

adj. wrought
beam attachment
fig. 252
30 to ?a in. rod

For copper tubing.

ph-2

earthquake
brace
fitting
fig. 204

I

side beam
bracket
fig. 202
load: 390 to
830 lb

It 0

side column
bracket
fig. 203
load: 610 to 1130 lb

Fig. 5-4b.
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cast iron
bracket
fig. 213
load: 180 lb

light welded
steel bracket
fig. 194
max load: 750 lb
clip fig. 193

Courtesy-
Grinnell

welded steel brackets
medium fig. 195
max lead 1500 lb:
heavy fig. 199
max load 3000 lb



concrete inserts

CB-Universal
concrete insect
lig. 282

to Z8 in. rod

rRil,crmwi6- -:44(

R.1077-TAlar.

pictorial guide

CBJunior screw light weight steel wedge ype expansion case rod coupling
concrete insert concrete insert concrete insert concrete insert closed back type lig. 208:
fig. 279 fig. 152 lig. 285 fig. 281 fig. 117 3/0 to Vs in. rod
3a to tz in. rod 38 to 3,13 in. rod 1/4 to 3'8 in. rod r4 to 78 in. rod V4 to 1 in. rod toggle bolt fig. 209

ceiling flanges

pipe hanger
flange
Jig. 153
for 'a to 78 in. rod

swivel hanger
flange
lig. 159
for 3'5 to 7,13 in. rod

'TT

adj. swinging
hanger flange
fig. 155
for 8 to 7/8 in. rod

swinging hanger
flange only
lig. 156
for 3'4 to 12 in. pipe

fairiffaid

ceiling flange
pipe threaded fig. 128
3/8 to 3/4 in. IPS:
rod threaded fig. 128R
3/8 and 1/2 in. rod

ceiling flanges ceiling plates floor plate

adj. ceiling flange ceiling plates ceiling plate ceiling plate floor plate
fig. 116 spring fig. 133 fig. 127 fig. 395 fig. 396

le in. rod size 'Ai to 3/4 in. rod 3/8 to 1/2 in. rod 1/2 to 8 in. pipe 1/2 to 8 in. pipe

assemblies

split ring
with socket and
coach screw

For copper tubing.

''11/MI

split ring,
socket and
ceiling flange

solid ring and
coach screw rod

Fig. 5-4c.
-71-

extension split
clamp hanger
lig. 139 (pipe)

extension split
clamp hanger
lig. CT-130 (tubing)

Courtesy-

adjustable
ring hanger
fig. 106

013IITOHIBMZ3 ph-3



pipe hangers and supports

pictorial guide

rods screws bolts

hanger rods
machine threaded:
both ends; one end
only; continuous

coach screw rods: eye rods:
other end pipe or not welded
machine threaded welded
or not threaded linked

bolts:
extension eye
flattened end
machine with nut

screws:
square head coach
wood
drive

rod attachments

socket
pipe thr'd fig. 110
Vs to 3/4 in. IPS;
rod thr'd fig. 11OR
1/4 to 7/8 in. rod

extension piece
fig. 157
'a to '/e in. rod

weldless forged steel rod
eye nut clevis coupling
fig. 290 fig. 299 fig. 136
3/8 to 3/e to 1/4 to
21/2 in. rod 21/2 in. rod 1 in. rod

adj. swivel turnbuckle forged steel
coupling adjuster turnbuckle
fig. 134 fig. 114 fig. ZjO
Va to 1/4 to ;i, to 21/2 in. rod
1/4 in. rod 3/4 in. rod

U-bolts straps hooks

st'd U-bolt fig. 137
1/2 to 24 in. pipe;
light-weight U-bolt
fig. 120
1/2 to 10 in. pipe

wrought strap
long fig. 263
short fig. 262
1/2 to 4 in. pipe

one hole clamp
fig. 126
3/s to 4 in. pipe

tin strap
fig. 231
/4 to 2 in. pipe

tube strap
fig. CT-124
1/4 to 1 in.
copper tubing

U hook
fig. 205
3/4 to 8 in. pipe

single hook
fig. 168
1/2 to 3 in. pipe

pipe saddles anchor chair protection saddle

"Yr
pipe soddie
support
fig. 25',
4 to 36 in. pipe

ph-4

pipe stanchion
saddle
lig. 259
4 to 36 in. pipe

adjustable pipe anchor chair pipe covering insuluiiun
saddle support fig. 197 protection protection
fig. 264 4 to 24 in. pipe saddle shield
21/2 to 36 in. pipe fig. 160 fig. 167

* For copper tubing. Also available plastic coated.

Fig. 5-4d.
-72-

Courtesy-
Grinnell



pipe rolls

adj. swivel
pipe roll
fig. 174
212 to 12 in. pipe

adj. steel yoke
pipe roll
fig. 181
2,:2 to 20 in. pipe

roller support
fig. 176
2 to 8 in. pipe

roller chair
fig. 175
2 to 12 in. pipe

pictorial guide

single pipe roll
fig. 171
I to 30 in. pipe

pipe rolls

A

V°
adjustable pipe
roll support
fig. 177
1 to 30 in. pipe

pipe roll and plate
fig. 277
2 to 30 in. pipe

pipe roll stand
complete
lig. 271
2 to 42 in. pipe

adjustable pipe
roll stand
fig. 276
4 to 30 in. pipe

I
t

..sfkdir

adjustable pipe roll
with base lig. 274;
without base fig. 275
2 to 30 in. pipe

spring hangers

light duty
spring hanger
fig. 247

spring cushion
for pipe rolls
fig. 178

Pre-Engineered
spring hanger
figs. 82, 98, 8-268

Constant Support hanger
load: 27 to 57500 lb
horizontal: fig. 81-H

Constant Support hanger
load: 27 to 57500 lb
vertical: fig. 80-V

traveler sway brace shock suppressor stress-trol

horizontal vibration control
traveler and sway brace
fig. 170 lig. 296

Fig. 5-4e.
-73-

hydraulic shock and
sway suppressor
fig. 200

Courtesy-

stress-trol

W2,11anKaZzlii ph-5



CHAPTER 6

PIPE JOINTS AND CONNECTIONS

General: The joining of pipe to contain gases and fluids within and pre-
vent unwanted infiltration from without can be categorized into three
main system types: 1. Pressure, 2. Pressureless and 3. Vacuum.

Pressure: These systems carry water, gases, fuels and chemicals or pro-
cess materials all above atmospheric pressure (0 lbs. per square inch
gage). In some instances, systems normally considered to be pressureless
such as sewerage systems, may also incorporate force mains that occur on
the discharge side of sewerage lift pumps. Sewerage effluent and solids
are lifted through the pumps and forced uphill under a pressure above 0
psig until a suitable elevation is obtained to allow transport by gravity
flow.

Pressureless: Examples of pressureless systems are sewer, storm water
drains, vents, fill lines, and overflow piping. Generally any flow of
fluids by gravity can be considered pressureless. Characteristics of
these systems change only when a stoppage in the piping causes a back up
of fluids and creates pressures greater than atmospheric.

It is difficult to keep water out of the underground systems if joints are
improperly made, the pipe has deteriorated, or vibration and earth move-
ment has cracked the pipe or loosened the joints. Infiltration into
underground municipal systems caused by high ground water tables has
created an overload condition for many sewerage treatment plants.

Vacuum: As the name implies vacuum applies to systems operating below
atmospheric pressure. Floor vacuum systems and medical vacuum systems
qualify for discussion here. Joints in these systems are intended to
keep unwanted air out except at the designated pick up points. Lift lines
on the suction side of some pumps that operate under a vacuum also qualify
here.

The integrity of any piping system depends on properly made joints using
the correct methods and materials.

Criteria for Good Joints: Proper preparation of materials is the fore-
most criteria necessary before any joining can be executed. All surfaces
of both pipe and fittings shall be clean regardless of the type of joint
to be made. ripe materials shall be handled with reasonable care to pre-
vent nicks or cracks on the surface that may end up in a joint location.
This is particularly necessary with cast-iron, clay, glass and plastic
pipe.

Materials to be used shall be checked against the specifications for the
project. If there are no specifications to follow then the Inspector
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shall request manufacturers' literature showing the type of services for
which the material is recommended, pressure limitations, and the proper
assembly method. All materials proposed for use shall be inspected for
identifying marks which will often show manufacturer's name, pressure
ratings, agency approvals, type of service for which intended, and many
other useful markings. Familiarity in reading these markings is very
useful. The types of markings will depend upon the manufacturer and the
standards governing the product.

Special tools may be required for the preparation or assembly of some
joints. Tools with cutting surfaces for grooving or threaded pipe should
be sharp so as to leave well defined ridges on threads and smooth cuts on
grooving. Observation of ragged cuts should be brought to the attention
of the Plumber. This is also true of beveling machines where welded
joints are being prepared. Here, however, the sharpness of cut is not as
important as the angle of cut. Welding machines and soldering torches
shall also be the proper size and have the capability for the work at
hand.

It is a good idea to generally scrutinize any machinery or tools to be
used on the job site from the safety standpoint.

Execution of the joining process, once underway, should follow an orderly
procedure. The proper alignment of the parts is vital, and the makeup
of any joint should not proceed until this has been achieved. Normally,

fittings or pipe bending is necessary to make an offset.

Tolerance in alignment on underground drainage and water mains is some-
times allowed based on the data of the pipe and fitting manufacturer and
job conditions. Above ground, refer to NO-HUB and BAND-SEAL joints and
others.

Types of Joints and Joining Method:

Screwed: Detailed specifications for pipe threads are covered in the
publication, American Standard Pipe Threads, ASA B2.1. Thread cuts are
generally machine made after piping is cut to length. Pipe should be
cut square and trimmed inside and out with reamer or file. Observation
of the care used here is a good indication of the overall quality of the
pipe installation. As the threads are cut a good grade of cutting oil
shall be used to prevent tearing away the metal instead of cutting it.

Total thread length is critical since effective thread length (the net
amount of thread to thread engagement) determines whether or not a leak
proof joint is made. For each pipe size there is an effective thread
length from which there shall be no deviation. Knowing ahead of time
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the amount of pipe length lost in thread engagement allows the Fitter to

cut and join pipe, fitting it to predetermined dimensions. Finished
threads shall be sharp with no metal tear visible.

Thread sealing or lubricating compound is normally applied TO THE MALE
THREAD ONLY and worked into the thread groove with brush or finger before
making up a joint. A pipe vise or backing wrench normally holds the work,
with the actual makeup being done with another wrench.

If the work being joined cannot tolerate wrench marks on pipe or fittings,
special tools must be used such as the Parmelle or strap wrench. Joints
shall be wiped clean of thread compound since any outside the joint does
not help the seal and may prevent paint from sticking.

Soldered: Soldering encompasses the use of low (soft solder) and medium
(hard solder) temperature melting :Jint metals for joining pipe into fit-
tings. This method should never be allowed on a butt joint with pipe only.

Soft solder, either 50/50 (50% tin and 50% lead) or 95/5 (95% tin and 5%
lead) 1.5s considered low temperature soldering with melting point 620 F.

to 460 F. Sil-Fos and silver solde6 are high melting point joint mat-
erials flowing at approximately 1100 F. Their composition is silver and
copper.

Either soldering material requires the same preparation and execution.
Since this method is used mainly on non-ferrous joints the discussion will
be concentrated here. Soft solder and silver solder may be used on ferrous
materials but Sil-Fos should always be restricted for use on non-ferrous
material.

Pipe shall be cut square and trimmed free of burrs. Pipe and fitting
shall be cleaned thoroughly to remove all oxides. After cleaning, the
metal shall appear shiny. Flux shall be applied to all work with a brush
and the pipe well seated into the fitting socket. Heat is applied evenly
and the solder drawn into the joint. Over heating or under heating can
result in a bad joint. On large joints it may be desirable to "wipe" the
pipe and fitting prior to the actual soldering process. If it is sus-
pected that a good solder penetration is not being achieved, a sample
joint shall be cut open and the fitting and pipe peeled back.

Finishing off the joint with a small fillet is acceptable practice for
hard solder joints since there is some strength added. A fillet of soft
solder adds nothing to the strength of the joint and may be used to dis-
guise a poor job.
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Welded: Preparation of the joint usually requires beveling with machine
or flame cutting in preparation of the usual vee weld. The surfaces to
be welded shall be clean and free from paint, oil, rust or scale. Parts
shall be properly aligned so that no part is offset more than 20 per cent
of the pipe thickness. Tack welds are usually applied before the final
welds are attempted. Final weld application may require one, two, or
three passes and sometimes more depending on material thickness.

Backing rings may at times be required to allow good penetration for the
first pass root weld and to prevent weld spatter from reaching the in-
terior; there shall be no protrusions of welding material inside.

Electrodes for electric arc welding shall be ke-' dry. Powder fluxes,
where used, shall also be kept dry. During we weather this may require
storage of electrodes and fluxes in portable ovens kept at the project
site.

Joints in steel pipe with a 1/2 inch or greater wall and a carbon content
in excess of 0.35 per cent and in carbon- molybdenum steel require uniform
preheating to a temperature of not less than 400 F. These joints shall
be stress relieved after welding by heating uniformly to a temperature of
between 1100 and 1250 0 F. Temperature must be maintained for a period of
one hour per inch of pipe wall thickness for carbon steel and two hours
per inch of pipe wall thickness for carbon-molybdenum.

Joint brazing generally follows the same procedures as gas welding but
is applied at a lower temperature.

Flanged: Flanges MOV be attached to piping by threading, welding, sold-
ering, expanding, brazing or other suitable means. Flange alignment is
very important especially on raised face flanges. Tightening the bolts
on a flange must keep both faces parallel and tension must be evenly
applied to all bolts in turn.

Specifications, where governing the work, shall be checked for gasket and
bolt material description. Gasket material must be suitable for tempera-
ture, pressure and service of pipe system. Bolt material, too, must be
suitable for temperature and exposure conditions of the project.

Bolt tightening for larger flanges shall follow in succession around the
flange perimeter with minimum take up on each bolt. For smaller flanges,
jumping across to bolts directly opposite one another with minimum take
up on each bolt, will usually hold flange faces parallel. Raised face

flanges should always have opposite bolts tightened.

Plastic Socket: Plastic piping joints are normally jointed with two
methods: 1. Solvent cementing, and 2. Heat fusion sealing. As in all
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previous methods pipe and fittings shall be clean with pipe ends square

cut and free from burrs. Wheel cutters shall never be allowed for cutting

plastic pipe.

Solvent cleaner shall be applied to pipe and fitting in an undiluted state

and allowed to dry. Attaching solvent is then applied to pipe, up to
depth of fitting penetration, then to fitting and then again to pipe.
Fitting is then seated on pipe until socket shoulder engages pipe end.
Excess solvent shall be removed especially the bead at the fitting shoul-

der. Excess solvent left here can cause a weak pipe wall.

Heat fusion is used on waste pipe joints and systems. Preparation of

pipe is the same as for solvent cementing. A polypropylene collar con-
taining an electrical resistance wire is slipped on the pipe. The pipe
end and collar are inserted in the fitting socket so that pipe and collar
bottom against their respective stops. A compression c? -mp is then applied

over the fitting socket shoulder and tightened. The wire coil pig tails
protruding from the fitting are connected to leads on a power pack unit
that supplies current to the coil. The coil acts as a resistance heater
and melts the surrounding plastic surfaces of the pipe and fitting. The

power pack unit is automatically timed and shuts off when sufficient heat

has been applied. The resulting connection is without interface and
appears as one homogeneous structure leaving the electric coil embedded

in the plastic.

This joint can also be made with a torch and a metal wrap-around. The
Plumber simultaneously heats pipe end and inside of fitting. When the

plastic on each softens enough to weld, the pipe and fitting are brought
together. Only a very experienced Plumber is successful in this opera-
tion so two or three test joints shall be cut, and inspected before this
method is approved.

Caulked: This method of joining is one of the oldest in use today and is
still effective on both pressure and pressureless joints. The make up of
.nis joint is simple and quick but the Plumber must carry out all the pro-
cedures properly. This joint is used with bell type clay or cast-iron
pipe. The hubless joint has made great inroads into the use of the
caulked joint but the bell and spigot joint is still alive and well.

The bell should be wiped clean of all dirt and the spigot end inserted.
If the work is arranged in a vertical position the Plumber's job is eased.
The annular space between the pipe and the bell is packed with oakum and
seated with caulking tools leaving about one inch of depth of the hub for
pouring in lead or bituminous compound. Wher.. the oakum is well seated in

several layers the lead is poured up to the rim of the bell and seated
with inside and outside caulking tools. These tools are chisel shaped
and force the lead into an intimate seal between pipe wall and bell wall.
If the fitter is working a wet joint it is common practice to pour a small
amount of kerosene on the wet oakum to prevent lead spattering.
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When it is necessary to make up a joint in the horizontal position the
Plumber follows the same procedure with the oakum. When that is seated
a running rope is wrapped around the pipe tight against the bell. The
pouring opening is left near the top a little off center. The hot lead
or bituminous compound is poured slowly into the pouring opening while
hot gases are escaping from the same hole. Caulking tools are used to
seat the lead after it has cooled.

Care shall be taken to check the oakum and make sure it is not some other
substitute substance. Cotton and hemp may be used but oakum gives the
best results and will last longer. Lead shall be virgin pig lead in in-
got form and not reclaimed, or worse, scrap lead.

The pipe shall be properly aligned although a slight deflection is allow-
able in this joint.

No-Hub and Band Seal: No-Hub and Band Seal are registered trade marks and
generally describe a hubless or spigot only method of joining pipe. This
requires the use of neoprene rubber coupling and stainless steel bands with
hex head bolts. These joints are normally restricted to pressureless type
systems on cast-iron and clay pipe.

Pipe spigots shall be clean and cut as square as possible. Couplings are
slipped on each pipe spigot and sealed on the interior rubber shoulder
ring. The stainless steel band is then tightened with torque wrenches to
a specified foot pound torque for each joint. Plumbers will often use a
liquid joint seal; this is not necessary nor is it recommended.

Band seal couplings are similar but suited to clay pipe. Joints between
clay and cast-iron pipe must be made with special adapter couplings.

Pipe systems joined with rubber couplings may be misaligned without leaks.
No published data exists on the amount of deflection allowable but a fig-
ure of 5 is generally acceptable. Any system that is to be warped should
be tested with the misalignment in place.

Compression: Rubber compression rings (as opposed to rubber couplings)
may be used on pressure systems and pressureless systems. There is such
a wide range of uses for the rubber compression ring it would not be
possible to cover them all here. We will concern ourselves with the two
most common applications: 1. Bell and spigot cast-iron sewer and drain-
age pipe and 2. Asbestos-cement pressure pipe and couplings.

Cast iron pipe bells are fitted with a compression ring and the lubricated
plain end of the next section inserted and seated completely to the bot-
tom of the hub. The rubber ring may be lubricated but not the inside of
the bell. This joint will absorb vibrations and may be deflected 5 with-
out leakag,. Care should always be exercised to insure complete penetra-
tion of the spigot into the bell.
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Asbestos-cement joints usually consist of a coupling fitted between two
lengths of pipe. The rubber rings are inserted into the grooves inside
the coupling, lubricated, and the spigot inserted into the coupling. The
spigot end must be machined with the necessary taper if the piping is cut
in the field. Depth of penetration into the coupling is regulated by the
shoulder on the tapered pipe end and should be checked with depth guage.
Systems joined with this method are used with pressures up to 200 psi.

Victualic: Victualic couplings are normally used on pressure systems and
are available for use on cast-iron, steel, brass, aluminum and other mat-
erials. The victualic system uses a rubber ring compressed by a two piece
coupling on the butt joint of two pieces of pipe. Grooves are cut in the
pipe ends to receive the coupling shoulder which locks the pipe together
and prevents lateral movement.

Grooving the pipe end is done in the field on a machine similar to a
threading machine. Cutting oil should be applied so the resulting groove
will have sharp shoulders and a smooth cut. Specifications should be
checked for gasket type since system operating temperature and gasket
should be compatible. The pipe is usually aligned but deflections of
from 1/2

o
to 6

o
are allowable depending on pipe size and coupling type.

Mechanical: Mechanical joints employ a variation of flange, compression
gasket and sliding flange for cast-iron and steel pipe joints. The male
spigot end is seated into the socket or modified bell end where the fixed
flange is located. The gasket is fit up into the annular space between
the bell and spigot wall. The sliding flange on the spigot end is then
started with bolts and drawn to the fixed flange. A shoulder on the
sliding flange compresses the gasketing between the bell and spigot wall.

Bolt tightening should progress as for other flanged joints. The gasket
compression shall be stopped short of the two flange faces meeting.

Manufacturers' Standards and Instructioas: Each joint and joint material
has definite limitations, which will restrict the use of the joint. These
limits are set by the parameters dealing with the composition of the fluid
or material in the pipe, pressures, and flexibility, among others.

The Inspector shall obtain from the Contractor, the manufacturers' litera-
ture covering the material being installed. The Inspector must then sat-
isfy himself that the materials are suitable.

Most manufacturers will list design limitations for their products and
also list recommended uses. Also available, are instructions with illus-
trations for proper installation. When in doubt regar,iing the methods or
materials that are being used, the Inspector shall either consult with the
Architect/Engineer or, if there is no independent engineer, contact the
manufacturer's representative and ask for sufficient data to enable a
proper evaluation of the installation.
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The above discussion regarding manufacturers' literature is very important
and is repeated here for emphasis.

Over a period of time a library of reference publications should be
assembled on the various types of materials used in joining pipe, and
proper installation and design limitations. Factory catalog literature
carefully culled makes good reference material. Engineering specifica-
tions describing installation methods and system materials are also use-
ful as reference material.

Joint Inspection: The Inspector cannot watch each joint being assembled,
but generally will witness enough to satisfy himself that the work is
being properly done. As job conditions change the Inspector shall be
alert to possible changes in assembly.

A visual inspection will soon detect a reduction in quality of workman-
ship. Misaligned, dirty and sloppy looking work is a tip off that a
closer look is necessary. Repeated often enough it may require a sample
joint to be sectionalized with a hack saw to get a good look at the in-
ternal quality. There should be no reluctance in requesting whatever is
required to ensure that the Contractor is following the job specifications
or manufacturers' instructions. When the construction documents re signed
the Contractor obligates himself to produce a proper job in accordance
with the job bid documents or acceptable good practice if there are no
bid documents.

The pressure test is the final act in certifying a joint. Once it has
passed this test over the prescribed time period it is safe to approve
the installation. This does not guarantee that there be no joint
failures once the system has been put in operation but its the best tool
available at the time.

Building movement, pipe expansion or vibration could open up welding
holidays or cocked flanges even after the pressure tests are passed.

During the pressure test the entire system shall be carefully checked at
each joint. The pressure guage reading shall be recorded periodically.
The job specifications shall be followed explicitly regarding test pres-
sures and duration of the test. If the requirement calls for NO leakage,
a system with one joint dripping one drop per hour of water DOES NOT
COMPLY and should be made over.
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JOINTS AND CONNECTIONS

Section 801 Tightness

Joints and connections in the plumbing system shall be gastight
and watertight for the pressures required by test.

Sec. 802 Types of Joints

(a) Caulked JointsCaulked joints for cast-iron bell-and-spigot
soil pipe and other similar joints shall be firmly packed with
oakum or hemp and filled with molten lead to a depth of not
less than one (1) inch. The lead shall be caulked thoroughly
at the inside and outside edges of the joint, after caulking the
finished joint shall not extend more than one-eighth WO inch
below rim of hub. No paint, varnish or other coatings shall be
permitted on the joining material until after the joint has been
tested and approved.

(b) Threaded JointsThreads on iron pipe size (I.P.S.) pipe
shall be standard taper pipe threads. Tubing threads shall conform
to fine tubing thread standards. All burrs shall be removed. Pipe
ends shall be reamed or filed out to full size of bore and all chips
shall be removed. If a pipe joint material is used, it shall be
applied only on male threads and such materials shall be of
approved types, insoluble in water and non-toxic. Cleanout plugs
and caps shall be lubricated with a water-soluble non-hardening
material.

(c) Wiped JointsJoints in lead pipe or fittings or between
lead pipe or fittings and brass or copper pipe, ferrules, solder
nipples or traps, shall be full-wiped joints. Wiped joints shall
have an exposed surface on each side of a joint not less than
three-fourths (3/4) inch and at least as thick as the material being
jointed. Wall or floor flange lead-wiped joints shall be made by
using a lead ring or flange placed behind the joint at wall or
floor. Joints between lead pipe and cast iron, steel or wrought
iron shall be made by means of a caulking ferrule or soldering
nipple.

(d) Solder and Sweat JointsJoints in copper tubing shall be
made by the appropriate use of approved brass or copper fittings.
Surface to be joined by soldering shall be cleaned bright by
manual or mechanical means. The joints shall be properly fluxed
with an approved non-corrosive type flux and made up with
approved solder. All solder and fluxes shall be manufactured
to approved standards.

(e) Flared JointsFlared joints for soft-copper water tubing
shall be made with fittings meeting approved standards. The
tubing shall be expanded with a proper flaring tool.

UPC-73
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(f) Hot-Poured JointsHot poured compound for clay sewer
pipe joints shall conform to recognized standards and shall not
be water absorbent and when poured against a dry surfai:e shall
have a bond of not less than one hundred (100) pounds per square
inch. All surfaces of the joint shall be cleaned and dried before
pouring. If wet surfaces are unavoidable, a suitable primer shall
be applied. Compound shall not soften sufficiently to destroy the
effectiveness of the joint when subjected to a temperature of one
hundred and sixty (160) degrees Fahrenheit nor be soluble in
any waste carried by the drainage system. Approximately twenty-
five (25) percent of the joint space at the base of the socket shall
be filled with jute or hemp. A pouring collar, rope or other device
shall be used to hold the hot compound during pouring. Each
joint shall be poured in one operation until the joint is filled.
Joints shall not be tested until one (1) hour after pouring.

(g) Cement Mortar JointsExcept for repairs and connections
to existing lines constructed with such joints, cement mortar joints
are prohibited on building sewers less than eight (8) inches
in diameter.

Where permitted, cement mortar joints shall be made in the
following manner. A layer of jute or hemp shall be inserted into
the base of the annular joint space and packed tightly to prevent
mortar from entering the interior of the pipe or fitting. Not more
than twenty-five (25) per cent of the annular space shall be
used for jute or hemp. The remaining space shall be filled in
one continuous operation with a thoroughly mixed mortar com-
posed of one (1) part '.ement and two (2) parts sand, with only
sufficient water to make the mixture workable by hand. Addi-
tional mortar of the same composition shall then be applied to
form a one (1) to one (1) slope with the barrel of the pipe. The
bell or hub of the pipe shall be left exposed and when necessary
the interior of the pipe shall be swabbed to remove any mortar
or other material which may have found its way into such pipe.

(h) Burned Lead JointsBurned (welded) lead joints shall be
lapped and the lead shall be fused together to form a uniform
weld at least as thick as the lead being joined.

(i) Asbestos Cement Sewer Pipe JointsJoints in asbestos cem-
ent pipe shall be a sleeve coupling of the same composition as the
pipe and sealed with rubber rings or joined by an approved
type compression coupling. Joints between asbestos cement pipe
and other approved pipe shall be made by means of an approved
adaptor coupling.

(j) Bituminized Fiber Pipe JointsJoints in bituminized pipe
shall be made with tapered type couplings or fittings of the same
material as the pipe or of other compatible non-metallic materials.
Joints between bituminous fiber pipe and meta pipe shall be
made by means of an adaptor coupling caulked as required in
Subsection (a) of this section.

(k) Packing Additives ProhibitedThe addition of leak sealing
additives to joint packing is prohibited.

(I) Flexible Compression Factory-fabricated JointsWhen pipe
is joined by means of flexible compression joints, such joints shall
conform to approved standards and shall not be considered as
slip joints.

(m) Solvent Weld-Plastic PipeSolvent Weld-Plastic pipe and
fittings designed to be joined by solvent welding shall have a
surface free of burrs, dust, dirt and moisture. A moderate even
coating of solvent cement shall be applied to the pipe end and to
the socket of the fitting. Joint shall be made quickly by inserting
the pipe into the fitting socket to its full depth. All solvent weld
materials shall bl manufactured to approved recognized standards.

UPC-73
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(n) Mechanical JointsMechanical joints for cast iron water
pipe shall conform to nationally recognized standards.

Sec. 803 Use of Joints

(a) Clay Sewer PipeJoints in vitrified clay pipe or between
such pipe and metal pipe shall be made as provided in subsection
(f), (g) or (I) of Section 802.

(b) Cast-iron PipeJoints in cast-iron pipe shall be made as
provided in subsections (a), (b), (1), or (n) of Section 802.

(c) Screw Pipe to Cast-ironJoints between wrought-iron, steel,
brass or copper pipe and cast-iron pipe shall be either caulked
or threaded joints made as provided in subsections (a) or (b) of
Section 802 or shall be made with approved adapter fittings.

(d) Lead to Cut Iron, Wrought-iron or Steel-1.-,iglis between
lead and cast-iron, wrought-iron or steel pipe shall be made by
means of wiped joints to a caulking ferrule, soldering nipple or
bushing as provided in subsection (c) of Section 802.

(e) Copper Water TubeJoints in copper tubing shall be made
by the appropriate use of approved fittings properly soldered or
bra".ed together, or by means of approved compression fittings
as provided in subsection (d) or (e) of Section 802.

(f) ABS and PVC PipeJoints in ABS and PVC pipe shall be
made as provided in sub-section (m) of Section 802.

Sec. 804 Special Joints

(a) Copper Tubing to Screw Pipe JointsJoints from copper
tubing to threaded pipe shall be made by the use of brass
adapter fittings. The joint between the copper tubing and the
fitting shall be properly sweated or soldered, and the connection
between the threaded pipe and the fitting shall be made with
a standard pipe size screw joint.

(b) Brazing or WeldingBrazing or welding shall be performed
in accordance with requirements of recognized published stand-

ards of practice and by licensed or otherwise qualified mechanics,
except when it is determined by the Administrative Authority to
be equivalent procedure for the purpose of this code.

(c) Slip JointsIn drainage work and traps, slip joints of ap-
proved materials may be used in accordance with their approvals.
In water piping slip joints may be used only on the exposed
fixture supply.

(d) Expansion JointsExpansion joints shall be accessible and
may be used where necessary to provide for expansion and
contraction of the pipes.

(e) UnionsApproved unions may be used in drainage work
when accessibly located in the trap seal or between a fixture and
its trap; in the vent system, except underground or in wet vents;
at any point in the water supply system and in gas piping as
permitted by subsection (h) of Section 1213.

Unions shall be installed in a water supply system within
twelve (12) inches of regulating equipment, water heating, con-
ditioning tanks, and similar equipment which may require servic^
by removal or replacement in a manner which will facilitate its
ready removal.

(f) Ground Joint, Flared or Ferrule ConnectionsBrass or copper
ground joint, flared or ferrule type connections which allow
adjustment of tubing, but provide a rigid joint when made up,
shall not be considered as slip joints.

UPC-73
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(g) ABS and PVC to Other MaterialsWhen connecting plastic
pipe to other types of piping use only approved types of fittings
and adaptors, desigried for the specific transition intended.
Sec. 805 Flanged Fixture Connections

(a) Fixture connections between drainage pipes and water
closets, floor outlet service sinks, pedestal urinals and earthen
ware trap standards shall be made by means of approved brass,
hard-lead or iron flanges caulked, soldered or screwed to the
drainage pipe. The connection shall be bolted wi,' an approved
gasket, washer, or setting compound between the earthenware
and the connection. The bottom of the flange shall be set on top
of the finished floor on an approved firm base.

(b) Closet bends or stubs must be cut off so as to present a
smooth surface even with the top of the closet ring before rough
inspection is called.

(c) Wall mounted water closet fixtures shall be securely bolted
to an app-oved carrier fitting. The connecting piping between
the carrier fitting and the fixture shall be approved metal and
designed to accommodate ar adequately sized gasket. Gasket
material shall be graphite impregnated abestos, felt or similar
approved types.

Sec. 806 Prohibited Joints and Connections

(a) Drainage SystemAny fitting or connection which has an
enlargement, chamber or recess with a ledge, shoulder or reduc-
tion of pipe area, that offers an obstruction to flow throug'fi the
drain is prohibited.

(b) No fitting or ccinection that offers abnormal obstruction to
flow shall be used. The enlargement of a three (3) inch closet
bend or stub to four (4) inches shall not be considered an
obstruction.

Sec. 807 Waterproofing of Openings

Joints at the roof around pipes, ducts or other appuretenances
shall be made water tight by the use of lead, copper, galvanized
iron or other approved fleshings or flashing material. Exterior
wall openings shall be made water tight. Counterflashing shall
not restrict the required internal cross-sectional area of the vent.

Sec. 308 Increasers and Reducers

Where different sizes of pipes or pipes and fittings are to be
connected, the proper size increasers or reducers or reducing
fittings shall be used between the two sizes. Brass or cast-iron
body cleanouts shall not be used as a reducer or adapter from
cast-iron soil pipe to steel or wrought iron pipe.

UPC-73
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AMERICAN STANDARD CODE FOR PRESSURE PIPING

Afin depth of thread
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Reinforcing on Hub

1 1 LEAD AND OAKUM JOINT:

Reinforcing on Hub

Hub

No-Hub Pipe

Stainless Steel
Shield

No-Hub Pipe

2) COMPRESSION JOINT:

3) NO-HUB 931 JOINT:

Lead Groove in Hub

1 Inch Deep Lead

Pockad Oakum

*Plain End or
Beaded Spigot

Gasket

Spigot Without
Bead

Gasket

Stainless Steel
Retaining Clomp

Fig. 6-2 -The Various Joints Presently Being Used to Connect Cast Iron
Soil Pipe and Fittings
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CHAPTER 7

UTILITIES

The Plumbing Inspector is concerned with the installation of sewer, water
and gas piping after the design is accomplished and the plans and spec-
ifications have been prepared.

Generally, investigations have been made that have determined the routing,
nature of the soil, grades and locations of other underground pipe in the
area.

The utilities are placed underground and lead from building walls to the
mains in the case of the sewer and water, and from the central meter
location in the case of the gas service.

The economics of modern building construction require that the projects
be completed in a relatively short period of time. Improved methods and
modern construction equipment have made this possible. This requires
careful planning to ensure that the project utilities are installed early
in order to take advantage of the clear site; they must be carefully pro-
tected after installation, however. It is often impossible to detect
leakage caused by pipe settlement which may be caused by heavy trucking
over the pipe.

Good design and proper selection of materials is useless if the inspec-
tion of the project allows sloppy practices and the piping is unprotected
during construction. Serious leaks can cause damage to surrounding

structures and cause health problems from raw sewage.

If heavy loads must pass over the pipes, then heavy planking should be
used to span the trench with sufficient width for maximum protection.
The protection is the responsibility of the General Contractor, and the
plans and specifications should clearly indicate this.

Trenching and backfilling are an important part of the utility work. The

type soil at the site governs the methods used in many cases. The pipe
must not be allowed to sag, which, in the case of sanitary piping, may
cause rupture and leakage, or reduced flow or settling out of solids; when
the pipe is adequately supported the risk is minimized. The design and
slope of the trench is generally determined by the sanitary sewer since
it must slope at minimal requirements set by the Architect/Engineer.
Other considerations might be mains which must be crossed; generally the
sewer should cross under water mains, to minimize contamination in case
of leakage.

Where the soil is stable and the trench is carefully dug and graded, the
barrel of the pipe must be supported for its entire length. This requires
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that bell holes must be provided at the joints. If the trenches are not
uniform, then either sand or crushed rock should be carefully placed to
provide uniform support and slope.

If the pipe must pass over an area which has been recently filled, it is
unreasonable to expect that it will compact sufficiently in a short time
to prevent sagging. In this case piling driven to firm support, or a
cradle of timber or other substantial material should be used, depending
on the size of the pipe and the depth of the fill.

The shape of the trench is determined by the type of the soil. In hard

clay, the trench is excavated with vertical sides, by machines. Sloping
sides are used where the cut will not maintain its shape. The Excavation
Contractor is generally familiar with the best method to use under the
circumstances. Where the trenches, because of depth, or soil conditions,
couJ:!. be dangerous to workmen, then wood siding must be used to prevent
the sides of the trench from caving.in. The State Department of Industrial
Safety has rules governing such conditions.

The backfill material and placement is equally important. The backfill
material for at least 6 inches above the pipe should be carefully selec-
ted, and should contain no rocks, nor large material. It should be care-
fully tamped around the pipe, being careful not to disturb the pipe.
Often sand is specified for this purpose. Water, if used, should only be
used in amounts suitable for the job and not flooded. The remainder of
the backfill should then be placed in uniform layers, and hand or machine
tamped to the compaction specified. As previously mentioned, the rate of
construction progress is such that 95% compaction is often required as
soon as the trenchwork is complete. This requires careful selection of
materials and good compaction technique.

Inspection should be thorough on the underground work, and the slope of
the sewer should be carefully monitored, by whatever method employed, to
insure that the slope is uniform.

Other utilities, such as water and gas may be placed in the same trench
if it is economically feasible to do so. Water should always be placed
at least 12 inches above the top of the sewer pipe and offset from the
pipe on a shelf; this is to prevent contamination if there is a leak in
the sewer line.

Where open trenches are not possible, it is necessary to resort to

tunneling. This may be simple, if only to go under a sidewalk. If it is
necessary to run lines under streets, or railroads, it can be complicated.
Generally it consists of boring or jacking galvanized iron culvert under
the road, then extending the sewer, or water line through it on a bed of
sand, carefully sloped and supported.
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Excavations for manholes, and other appurtenances, should be done with

the same care as the trenching. The designs and locations of the man-

holes are generally shown on the plans. Open trenches and excavations
for any purpose can be a hazard, and lead to injury of children or work-

men; they should be protected by barricades, or other means; trenches

and open excavations should be kept open only long enough to get the

work accomplished.

Sanitary sewer systems on the exterior, are usually constructed from
vitrified clay pipe, asbestos-cement pipe, concrete sewer pipe, and cast
iron soil pipe with fittings suitable for the pipe being used. The type
of pipe selected will depend on the nature of the installation, size of

pipes, and durability. Generally, cast-iron soil pipe is used where
future accessibility is a problem, like under sidewalks, or where tree
roots will be a factor. Local codes are also a determining factor in

the selection of materials. Storm drain piping is usually the same as

the sanitary piping. The less expensive materials are ordinarily used,
compatible with the conditions at the job.

Where chemical wastes are being handled, more expensive materials like
high silicon iron pipe and fittings are used. Acid resistance is usually
the factor in selecting the proper material along with other considera-
tions noted.

The joints used in sewer mains are generally hot poured lead and mechani-
cal joints for cast-iron; rubber ring gaskets for concrete; cement and
bituminous hot-poured joints for concrete and clay bell and spigot pipe.
Where pressure is involved (force mains) mechanical or slip joints are
usually used.

Combination sewers carrying rain water and sewage were the accepted
method of design when most sewers terminated at the nearest river, lake,
or ocean. When pollution is a problem and treatment plants are
necessary the storm drain system is designed separately from the sewage
system because of the problem of the rainwater passing through the treat-
ment plant; during rainstorms it necessitate passing portions of the raw
sewage around the treatment plant, to the point of disposal. Treatment
plants are_not designed for the added load. Flooding by storm water is
often caused by the back up when the sewer size in the street is in-
adequate to handle the combination of sewage and storm water.

Water piping may be cement-asbestos, galvanized steel, copper, or possibly
screwed cast-iron. In 4 inch and larger the pipe is generally cement-
asbestos; house or branch lines are galvanized steel, or type K or L
copper, wrapped or protected for corrosion resistance.

Gas piping is black steel wrapped or copper tubing. Plastic pipe is also
being extensively used by Utility Companies to convey gas. It eliminates

the corrosion problem.
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Sewer and water utilities are considered to terminate 2 or 3 feet from
the building, depending on the codes and the Plans and Specifications.
Gas piping is run to the meter location by the utility.

The connection of the building sewer to the public sewer may be made in
several ways depending on the size and respective elevation of the sewer.
The common method is to use a saddle which is made to conform to the size
of the sewer main. A hole is tapped in the clay, concrete, or asbestos
cement pipe, and the saddle is cemented in place. Usually, if the street
sewer is not at least two pipe sizes larger than the entering line, then
a wye connection must be cut into the street sewer. The same is true of
cast-iron which is difficult to tap. Manholes may be required if the
building sewer is large, or access at intervals is required for inspec-
tion and maintenance. If there are several building lines which terminate
in the same location, then a manhole is the most feasible method of ter-
mination.

Where the building sewer is at a lower elevation than the main in the
street, a lift station is necessary. Basically, the station consists of
pumping the sewage from a lower level to a higher level through a line
connected to the discharge of the pumps (usually two operating in tandem).
This force main termilates in a manhole where possible. This is to pre-
vent back-up in case of a line stoppage, or sluggish flow, in the main.

Water piping is installed in trenches similar to those described for
sewer piping. Additional care must be taken, however, because of the
pressures involved; burial must be deep enough to prevent freezing. The
main distribution lines are generally concrete pipe or steel pipe. The

trunk lines are often cast-iron, or more recently cement asbestos pres-
sure pipe. Water service pipe may be cement asbestos, copper, steel, or
plastic. Some materials may be restricted because of local code practice.
Joining the piping runs the gamut and the method is generally specified
by the Architect/Engineer. The following are examples of the types of
joints which may be encountered and with which the Inspector should be
familiar.

Concrete Pipe: Rubber gasket or lead gasket joints.

Steel Pipe: Welded, flanged, screwed, or mechanical joints.

Cast-Iron Pipe: Mechanical, flanged, push-on, molten poured or caulked
joints.

Copper: Flared, sweat, flanged, or brazed joints.
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Transite Pipe: Push-on, rubber ring joints.

Plastic Pipe: Bonded, welded, or clamped joints.

Since water piping is under pressure, usually 30 psi to 100 psi, care
must be taken to prevent blow-outs, or pulling apart of the fitting at
abrupt turns, or dead ends.

Cast-iron pipe joints are frequently reinforced by a method called
"rodding" where a clamp is placed on either side of the joint, and two
rods on opposite sides are run bemeen the clamps. Fire sprinkler mains
are always handled in this manner.

Another method used to prevent joints and fittings from separating is
the instaliation ()I "kick blocks" or thrust blocks. They are pads of
concrete poured behind a fitting to take the thrust, either from normal
pressure, or occasional surges, brought oft by the rapid shut-off of the
flow of water, by automatic valves, or other means. The force can be
tremendous in large fittings Refer to the Table and illustration in
the Appendix.

Gas piping is installed by the Utility Company from the main to the meter
location. From this point it is the responsibility of the Plumber. Gen-
erally, in large installations such as schools, or where one owner is in-
volved, the Utility will install only one large meter. The distribution
system may become extensive on the site. The same precautions noted for
water or sewer piping underground should be observed. Standard black
steel pipe with either welded or screwed fittings is used in most cases.
The pipe is wrapped for protection against corrosion.

Corrosion protection for the underground systems is provided where re-
quired by the methods described in Chapter 17, Corrosion.

The Plumbing Inspector should be thoroughly familiar with the plans and
specifications by the time that the site preparation is accomplished and
the Plumber starts his work. This is usually the first contact that the
Inspector and Superintendent will have under job conditions. First im-
pressions are strong ones and a good relationship for the duration of the
job can be established. This is treated more fully in Chapter 1, Plumbing
and Piping Inspection.

The Inspector must not tell the Contractor, thru the Superintendent, or
otherwise, how to do his work. He is only responsible for seeing that it
is properly installed in accordance with plans and specifications, tested,
and accepted. This does not mean that the Inspector should not be help-
ful in pointing out pitfalls and areas of concern. It is too late after
the work is done, and costly changes are necessary.
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The Inspector's field duties begin when the site layout of the ser-
vices starts. By this time approved lists of materials with catalogue
cuts, numbers and other data should be in the Inspector's files. The
material should be inspected ucon arrival and accepted or rejected;
reasons for the action should be noted if rejected. Rejected material
should be removed from the job-site.

As the installation progresses, nearly continuous inspection should be
made of the trenching, soil conditions, slopes of the lines, and quality
of the joints. Tests should be closely adhered to, and any faults noted.
If repairs are necessary they should be made as soon as possible. Back-
fill should be watched closely to avoid damage to the pipes due to care-
less practice.

The quality of the workmanship,-and the close working relationship be-
tween the Plumbing Contractor and the Inspector can set the pattern for
the successful completion of the entire project.
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Sec 317 Trenching, Excavation and Backfill
(a) Use of mechanical excavating equipment is prohibited within

two (2) feet of existing piping or appurtenances.
(b) Tunneling and driving may be done in yards, courts, or

driveways of any building site. Where sufficient depth is available
to permit, tunnels may be used between open cut trenches.
Tunnels shall have a clear height of two (2) feet above the pipe
and shall be limited in length to one-half ('/2) the depth of the
trench, with a maximum length of eight (8) feet. When pipes are
driven, the drive pipe shall be at least one (1) size larger than
the pipe to be laid.

(c) Open trenchesAll excavations required to be made for
the installation of a building-drainage system or any part thereof,
within the walls of a building, shall be open trench work end
shall be kept open until the piping has been inspected, tested
and accepted.

(d) All excavations shall be completely backfilled as soon after
inspection as practicable. Adequate precaution shall be taken to
insure proper compactness of backfill around piping without
damage to such piping. Trenches shall be backfilled in thin layers
to twelve (12) inches above the top of the piping with clean earth
which shall not contain stones, boulders, cinderfill or other
materials which would damage or break the piping or cause
corrosive action. Mechanical devices such as bulldozers, graders,
etc., may then be used to complete backfill to grade. Fill shall
be properly compacted. Suitable precautions shall be taken to
insure permanent stability for pipe laid in filled or made ground.

(e) Water services pipes or any underground water pipes shall
not be run or laid in the same trench with non-metallic building
sewer or drainage piping, except as provided in this section.

The water service pipe may be placed in the same trench with
such building drain and building sewer, provided both of the
following conditions are met:

The bottom of the water service pipe, at all points, shall be at
least twelve (12) inches above the top of the sewer line.

The water service pipe shall be placed on a solid shelf
excavated at one side of the common trench.

UPC-73
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Bearing
Value 1.15

Flat bottom trench,
backfill not tamped

Bearing
Value 1.85

Trench shaped to fit pipe
backfill tamped

Bearing
Value 1.50

Trench shaped to fit pipe
backfill not tamped
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Bearing
Value 1 38

ra-
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Flat bottom trench
backfill tamped

Bearing
Value 1.85

Pipe bedded in gravel
or sand, backfill tamped

Fig. 7-1 Methods of Bedding Pipe and Bearing Values
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Building Sewer

Vitrified
Pipe

Manhole
Cover

Concrete

Reverse
Wye

Fig. 7-2 Manhole Detail

Most manholes are concrete precast con-
struction and vary in detail to suit job
conditions.

Deep manholes must have ladder rungs or
other means of access.

The drop inlet is usually used on deep
manholes to keep workmen dry.
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Building sewers are connected to public sewers
by means of sewer saddles which fit
over or into a hole tapped in the pipe (clay,
concrete, asbestos cement, fiber). The saddle
is usually held in place by cement.

If the public sewer is cast iron, wye con-
nections are generally used because tapping
is very difficult. In housing developments, wye
connections for each lot are usually incorpor-
ated into the public sewer at the time it is

being installed.
Some codes demand that if the size of the

building sewer is not in a certain ratio to the
public sewer, a wye connection must be used
instead of h saddle because too large tappings
would severely reduce the strength of the pipe
being tapped. An example: "No public sewer
that is not at least two sizes larger than the
building sewer shall be tapped with a saddle.
The public sewer shall be cut and a wye con-
nection installed."

Fig. 7-3 Sewer Connections



CHAPTER 8

PRIVATE SEWER AND WATER SYSTEMS

General: There are still many suburban areas where street sewer facili-
ties are not available. This is true where many schools, apartment houses
and even small communities are located. It then becomes necessary to dis-
pose of the waste liquid on the property or other approved area in a
canner approved by local plumbing and health authorities. It is becoming
increasingly difficult to get approval for the well-known septic tank,
distribution box and leaching field or pits as they have been used in the
past. Health authorities have insisted on more stringent regulations
governing such systems. There are still enough in operation, however, and
new systems being installed that some familiarity with them is desirable.

Several factors should be kept in mind regarding the location of the sep-
tic tank. If future municipal sewer facilities will be installed, the
building sewer should leave the structure in a location that will allow
the hookup; future building expansion should be investigated so that it
will not render the septic tank useless; septic tanks must be cleaned
periodically, so access must be provided for cleaning equipment.

Septic Tank: The septic tank consists of a reinforced concrete structure;
access manholes, or covers are extended up to grade; the outlet runs to a
distribution box which is also accessible at grade; generally, a loose
baffle is provided so that the effluent can be diverted from one section
of the leaching field to another, allowing time for alternate sections to
dry out.

The leaching field must be adequate to handle the amount of effluent
delivered to it; sandy soil will allow much greater percolation than
dense clay; percolation tests must be taken, and the results approved by
the responsible health authorities before the system is installed.

Septic Tank Maintenance: The size of a septic tank is based on a reten-
tion period of the sewage so that the solid material in sewage settles to
the bottom; it is then decomposed by bacteria into gas and liquid. The
biological treatment of the sewage in asmptir-tank and other treatment
facilities is made possible by the helpful bacteria; they may be aerobic
(oxygen present) or anaerobic (no oxygen present). No disinfecting chem-
ical or other material should be discharged into the tank which may in-
hibit the bacterial action. A scum is formed on the surface of the liquid
in the tank when the rising gas lifts some of the solids from the bottom.
The scum is subject to bacterial action as well as the sludge in the
bottom of the tank. This is not undesirable until the liquid space is
reduced by about one half, i.e. the space between the sludge and the scum.
When the septic action in the tank is adequate, the tank may need pumping
out at infrequent intervals. If for any reason the action is slowed, or
stopped, pumping must be done at more frequent intervals.
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To clean the tank, the contents must be stirred, then a suction hose is
lowered and the contents pumped into a tank truck. Water may be added,

if necessary, to dilute the sludge to facilitate pumping. The removed
material may be deposited where directed by the Administrative Authority.
The gases in a septic tank may be dangerous to health, or even explosive,
so care should be exercised when working around the tank so that injury
will not result.

If the septic tank is abandoned for any reason, it should be emptied and
filled with sand or similar material so that it will not constitute a
hazard.

Disposal System: The septic tank system of sewage disposal is still the
most common type for isolated installations such as apartment houses,
schools, or mobile home parks where a public sewer system is not avail-
able. It readily lends itself to expansion where all the factors needed
to meet code requirements are present. It is because of its wide applica-
tion that so much of the Uniform Plumbing Code is quoted at the end of the
Chapter. This should be carefully reviewed because of its importance.

If the depth of the sewer lines become too great because of long runs it
may be necessary to install duplex sewer pumps to lift the sewage to a
level where the septic tank can be installed at a reasonable depth below
grade. In some cases the septic tank effluent must be lifted by means of
sewage pumps so that the distribution lines will not be too deep, part-
icularly if there is a high water table.

Where soil conditions are such that subsoil absorption is not practicable,
the septic tank liquid may be discharged into holding ponds or ditches.
After it has been rendered harmless and odorless by chlorination it may
be used for athletic field irrigation or wasted to an area where desig-
nated by Lhe local authorities.

The testing procedures allowed for percolation tests should be checked
with local officials before any design is begun on disposal systems. It

can vary in detail depending on whether it is a Federal, State, or Local
agency which is financing the project.

Seepage pits are sometimes substituted for leaching trenches where there
may be an underlying layer of hardpan that make the trenches impracticable.
In theory, they act as vertical trenches, but because of the depth, pits
or wells, as they are sometimes called, can pollute water tables. Per-
colation tests must be made in the prescribed manner before the wells are
drilled. There have been instances where seepage wells have been drilled
36 inches in diameter to a depth of 40 to 50 feet (5 to 10 feet above the
water table, at least) and 50 to 60 or more wells drilled to accommodate
the effluent. It is obviously expensive but may be the only answer,
especially for isolated schools or mobile home parks.
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Care must be taken during the installation of the septic tank system to
assure that the proper results will be achieved. The absorption trenches
should not be dug while the ground is wet; the compaction will reduce the
percolation value. The trenches should be protected from silt which may
get into the trenches from rain runoff. The gravel bed and pipe should
be uniformly and carefully installed with a spacing of 1/8" to 1/4" and
the joints should be protected by permanent covering; backfilling and
tamping must be closely watched 'D Lae pipe will not be disturbed. If

there is a high water table in the area, the septic tank, of whatever
material, should be' filled with water until ready for use if there is

danger of flotation.

Package Units: It has become increasingly difficult in some areas to find
land in sufficient area for a leaching field. Manufacturers now have
available a residential unit with a 7500 gallon tank capacity and rates up
to 3750 gallons per day. The complete unit consists of a tank with baff-

les, buried like a septic tank and an air compressor. The effluent is

superior to that from a septic tank, and while percolation is still nec-
essary the space requirements are considerably less.

Package type commercial units are available in a variety of types and
sizes. They are considerably more expensive than the septic tank systems.
The effluent, however, is of a higher quality, and can be disposed of more
readily, or used, depending on the degree of treatment.

Systems of this type approach the sophistication of municipal systems.
They are beyond the scope of this manual. The proper disposal of sewage

is very important for health and environmental reasons. The Plumbing
Inspector engaged in this type of inspection must be aware of his respon-
sibility for the proper disposal of sewage.

Wells: The most satisfactory sources of potable water for an individual
supply, or even a small municipality, are wells. It is generally possible

to locate the wells near the area where the water is to be used.

Wells are classified on the basis of construction and may be dug, bored,
driven, or drilled. The type of well to be constructed will depend on the
geology of the area and the depth of the water bearing strata.

The location of the well should take into account the sources of contamina-
tion such as a leaching field, and the permeability of the soil.

Dug wells are not recommended, because they can be easily contaminated.
They are simply large holes, usually circular, dug to a shallow depth.
Surface water can easily enter the dug well. Where such wells are used,

chlorination and treatment is a necessity. They are usually found in
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mountainous areas where it is not possible to drill a well, and surface
water, or a developed spring is the only water available.

A driven well is not practical beyond a depth of approximately 60 ft.
since the well consists of a well point attached to the supply pipe and
then driven into the _round.

A drilled well is the most common because it is the most practical. It

consists of a circular hole drilled to the depth required to get an ade-
quate supply of water. It can be drilled through granite or other rock
formations if necessary. The depth drilled depends on the amount of water
needed and the drawdown of the water in the well. This may require a well

100 ft. deep to perhaps 2000 ft. deep.

A well casing is then lowered into the well and "bottomed" at the water
bearing strata, usually. The diameter of the casing, 6 in. to perhaps
20 in. diameter, will depend on the amount of water to be pumped, and the
diameter of the pump bowls required.

A bored well is made by an earth auger boring a hole larger in diameter
than the casing. This system is primarily for shallow wells. After the
water strata is reached, the casing is inserted and the well is sealed by
pouring concrete around the casing to a depth to seal off the surface
water, usually about 25 ft.

Most health regulations require that a drilled well be sealed by providing
a steel casing about 6 to 8 in. larger than the well casing, which shall
be terminated at a depth to seal off surface water. The annular space

between the two casings shall be sealed with grout. The casing is ter-
minated at least 6 in. above the ground, and the space between the casing
and the pump shall be sealed.

This is a brief description of the types of wells used for a private water
supply. There is much more to the design of a good well than the descrip-
tion given here. Generally, large capacity wells are not the responsibility
of the Plumbing Contractor, and require scientific study and test unless
other wells in the area will determine the characteristics of the well to
be provided.

The well and assembly must be chlorinated after completion and before
being placed in service. This is accomplished by pouring a gallon or
more of commercial high-test hypochlorite, into the well after the pump
is installed. A 2 in. capped nipple is set in the pump platform termina-
ting on the interior of the casing, for the convenience of introducing
the hypochlorite.
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Deep Well Pumps: There are many types of pumps used to get water from
the well to the surface, and if the head is not too great, to an elevated
tank or directly into a hydropneumatic tank under pressure.

The average size sub-division or suburban shopping center will have a
hydropneumatic tank located near the well and the pump will connect dir-
ectly to the tank thru a check valve. The tank will maintain a pressure
at its discharge of 40 60 psi and the pump will maintain the water
level in the tank at 1/2 to 2/3 full. The balance will be air, usually
supplied by the water pump at each starting cycle, or may be supplied by
a separate air compressor. The compressed cushion of air reduces the
start and stop cycles of the pump. The tank will vary in cubic capacity
from 3000 - 5000 gallons.

The well pump is normally not the Plumber's responsibility, but some in-
formation is given here because of its relationship to the hydropneumatic
water system.

The common pump installation is a motor driven vertical centrifugal pump
with the motor being mounted above the well on a shaft. The number of
impellers may be 20 or more and the pump may work against a head of 400
ft. (174 psi) or more. They are of the screw or propeller type with vanes
leading to the impeller above. The bearings for the vertical shaft may be
metal, and oil lubricated; if hard rubber, they are water lubricated. The
water lubricated type bearings are gaining in popularity.

Another type deep well centrifugal pump has the motor mounted below the
impellers; a waterproof cable supplies electric current to the motor.
This arrangement is more simple, and may have a lower operating cost as
well as first cost.

Descriptive data on each type is shown at the end of the chapter. There
are many manufacturers of each type.

Jet Pump: Another type of pump frequently used on wells is the jet pump.
Its main use is on suburban homes where a domestic water supply and a
small amount of water for irrigation is required. They frequently are
supplied as a self-cor fined unit with the tank and controls. The illus-

tration at the end of the chapter shows a common type.

It is a centrifugal pump mounted near the well casing. Water is forced
in a pipe to the water supply in the well; the pipe is connected Lo a jet
or venturi device at this level. The velocity of the forced flow thru
the venturi draws in additional water which is conducted to the surface
through a second pipe.
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The efficiency of the pump is quite low, possibly 307,, compared to the
deep well types where the centrifugal unit is located at the pre-determined
level in the well itself. The efficiency of this type may run 70 - 807,.

More sophisticated types are being developed, but the jet principle has
limitations in this application.

Centrifugal Pumps: The most common type of pump for which the Plumber will
be responsible is the horizontal centrifugal pump. He may encounter it ou
a hydropneumatic tank used to boost pressure for a large building; a non-
storage type independent system or on a fire protection system) also to
boost pressure; it is used on a swimming pool installation to recirculate
the water between the pool and the water quality control equipment; lawn
sprinkling systems may also have a pump installed, particularly a system
using impulse heads which may require a pressure at the head of 70 - 80 psi.

The advantages of a centrifugal pump are many, compared to other types such
as piston pumps. Some are:

1. Simple parts; pump can be easily modified.

2. Can produce very high heads, up to several thousand feet,
by multi-staging.

3. Relatively silent; do not require much space; easily
maintained.

4. Can pump solids and abrasives.

5. Low first cost. Satisfactory efficiencies.

6. Can accommodate a variety of drives. Some are: coupled,

belt, or steam turbine driven.

They will not operate under a suction lift, and are not self priming. A
single stage pump will operate only within a narrow range. Designers have

overcome this by the use of many stages (multi-stage) so that the head
pressures have been increased to several thousand feet. As the liquid

passes from one stage to another the pressure is increased. They are
usually limited to a maximum pressure of 300 ft. per stage and to a total
of sin stages. The strength of materials is us.ually the limiting factor.

The following installation practices should be followed regarding centri-
fugal pumps:

1. Locate pump close to the liquid to be pumped, to reduce
suction pipe friction and possible cavitation.
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2 Provide an adequate foundation sufficient to absorb
pump vibration.

3 Level the pump on iis foundation and tie down securely
with anchor bolts; grout in place.

4. Connect piping to the pump so there is no stain on the
pump casing. Make proper allowance for expansion and
contraction of the piping; use flexible connectors or
Dresser couplings in some cases. Support piping in-
dependent of the pump.

5. Use eccentric fittings at the pump and straight lengths
of pipe on intake and discharge to provide for smooth
flow of the fluid.

6. Check for angular misalignment (shafts not parallel
between motor and pump).

7. Check for parallel misalignment (shaft ends do not
meet).

8. Locate pump where there is adequate space for maintenance,
and repairs; there should be no chance of flooding, and
ventilation should be adequate.

Water Treatment: When the private water supply source is a well, or from
some other body of water, the amount of treatment needed to make it pala-
table and free from contaminants may run the gamut from simple filtration
and possible chlorination to more sophisticated processes approaching
those necessary for a good municipal plant.

Many areas are blessed with a good underground supply which requires no
treatment; the water is simply pumped, stored, and distributed.

After the well and pump assembly is chlorinated, or even while the well
is being pumped by the well driller for proper development, a sample of
the water should be taken and analyzed. This involves the following
procedure:

Secure approximately a 16 oz. sample of water in a sterile
bottle; have a local Health Agency test the sample for
bacteria.

A mineral analysis should be made by a laboratory for iron
and other minerals, based on the same size of sample.

If the sample is taken from faucets, the water should run
long enough to assure that the lines are thoroughly washed
out before the sample is taken.
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The written reports from the laboratories, with the recommendations should
be followed closely in selecting the equipment needed to produce the type
of water wanted.

A potable water suitable for a household may contain some mineral impurities
without it being considered harmful. The same quality of water supplied to
a food processing plant may be highly objectionable, and may require ex-
tensive treatment.

The chart at the end of the chapter lists several objectionable qualities
and possible remedies.

The selection of the proper equipment should be made by expert:, and in
some cases they do not always agree on the proper remedies.

The filtration and chlorination procedure is similar to that required for
swimming pools.

In most areas State or local health agencies make periodic checks of pri-
vate water supplies for bacterial contamination.

Conclusion: The Plumbing Inspector has the responsibility to see that the
systems of sewage disposal and water supply are pr_perly installed and
tested. If the plans and specifications are not clear in any respect the
Architect/Engineer should be consulted for a clarification.

Well drilling is not an exact science and conditions may be encountered
which were not anticipated at the outset. If the well hole is out of
plumb, it may be impossible to install the deep -well, pump; the quantity of
water available without excessive drawdown may result in a redesign of the
storage facilities; the "bottoming" of the well casing may present problems
requiring an expert opinion.

The leaching field facilities may likewise present unforeseen problems
during installation. Rainy weather could be one.

The well and pump may not be the Plumbing Contractor's responsibility but
it may well be the Plumbing Inspector's duty to keep abreast of the work.
The same may be true of the septic tank and leaching field.

Good inspection practices are as important with this work as they are
with any other part of the Plumbing Inspector's work.
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BUILDING SEWERS AND PRIVATE
SEWAGE DISPOSAL SYSTEMS

Section 1101 Sewer Required

(a) Every building in which plumbing fixtures are installed
and every premises having drainage piping thereon, shall have
a connection to a public or private sewer, except as provided
in Section 320 and in subsections (b) and (d) of this section.

(b) When no public sewer, intended to serve any lot or
premises, is available in any thoroughfare or right of way abut-
ting such lot or premises, drainage piping from any building or
works shall be connected to an approved private sewage disposal
system.

(c) Within the limits prescribed by subsection (d) hereof, the
rearrangement or subdivision into smaller parcels of a lot which
abuts and is served by a public sewer shall not be deemed cause
to permit the construction of a private sewage disposal system,
and all plumbing or drainage systems on any such smaller parcel
or parcels shall connect to the public sewer.

(d) The public sewer may be considered as not being available
when such public sewer or any building or any exterior drainage
facility connected thereto, is located more than two hundred (200)
feet from any proposed building or exterior drainage facility on
any lot or premises which abuts and is served by such public
sewer.

(e) No permit shall be issued for the installation, alteration or
repair of any private sewage disposal system or part thereof, on
any lot for which a connection with a public sewer is available.

(f) On every lot or premises hereafter connected to a public
sewer, all plumbing and drainage systems or parts thereof, on
such lot or premises shall be connected with such public sewer.

Exception: Single family dwellings and buildings or structures
accessory thereto, existing and connected to an approved private
sewage disposal system prior to the time of connecting the prem-
ises to a public sewer may, when no hazard, nuisance or insani-
tary condition is evidenced and written permission has been ob-
tained from the Administrative Authority, remain connected to
such properly maintained private sewage disposal system when
there is insufficient grade or fall to permit drainage to the sewer
by gravity.

Sec. 1102 Damage to Public Sewer or Private Sewage
Disposal System

(a) It shall be unlawful for any person to deposit, by any
means whatsoever, into any plumbing fixture, floor drain, inter-

ceptor, sump, receptacle or device which is connected to any
drainage system, public sewer, private sewer, septic tank or
cesspool any ashes, cinders, solids, rags, flammable, poisonous
or explosive liquids or gases, oils, grease and any other thing
whatsoever which would, or could cause damage to the public
sewer, private sewer or private sewage disposal system.

(b) No rain, surface or subsurface water shall be connected
to or discharge into any drainage system, unless first approved
by the Administrative Authority.

(c) No cesspool, septic tank, seepage pit or drainfield shall
be connected to any public sewer or to any building sewer lead-
ing to such public sewer.
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(d) No commercial food waste grinder shall be connected to
a private sewage disposal system unless permission has first been
obtained from the Administrative Authority.

(e) An approved type watertight sewage or waste water hold-
ing tank, the contents of which, due to their character, must be
periodically removed and disposed of at some approved off-site
location, shall be installed only when required by the Adminis-
trative Authority or the Health Officer to prevent anticipated
surface or subsurface contamination or pollution, damage to the
public sewer, or other hazardous or nuisance condition.

Sec. 1103 Building Sewer Materials

(a) The building sewer, beginning two (2) feet from any
building or structure, shall be of such materials as may be ap-
proved by the Administrative Authority under the approval
procedures set forth in Chapter 2 of this code.

(b) Joining methods and materials shall be as prescribed in
Chapter 8 of this code.

Sec. 1104 Markings

All pipe, brick, block, prefabricated septic tanks, prefabricated
septic tank or seepage pit covers or other parts or appurtenances
incidental to the installation of building sewers or private sewage
disposal systems, shall conform to the approval requirements of
Chapter 2 of this code and shall be marked and identified in a
manner satisfactory to the Administrative Authority.

Sec. 1105 Size of Building Sewers

The minimum size of any building sewer shall be determined on
the basis of the total number of fixture units drained by such
sewer, in accordance with Table 4-3.

Sec. 1106 Grade, Support and Protection of Building Sewers

(a) Building sewers shall be run in practical alignment and
at a uniform slope of not less than one-fourth (1/4) of an inch per
foot toward the point of disposal; provided, that where it is

impractical, due to the depth of the street sewer or to the struc-
tural features or to the arrangement of any building or structure,
to obtain a slope of one-fourth (1/4) of an inch per foot, any such
pipe or piping four (4) inches or larger may have a slope of not
less than one-eighth (Ye) of an inch per foot whon approved by
the Administrative Authority,

(b) Building sewer piping shall be laid on a firm bed through-
out its entire length, and any such piping laid in made or filled in
ground shall be laid on a bed of approved materials and shall be
adequately supported to the satisfaction of the Administrative
Authority.

(c) No building sewer or other drainage piping or part thereof,
which is constructed of materials other than those approved for
use under or within a building, shall be installed under or within
two (2) feet of any building, or structure or part thereof, nor less
than one (1) foot below the surface of the ground. The provisions
of this subsection include structures such as porches and steps,
whether covered or uncovered, breezeways, roofed portecocheres,
roofed patios, car-ports, covered walks, covered driveways and
similar structures or appurtenances.
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Sec. 1107 Cleanouts

(a) Cleanouts shall be placed inside the building near the
connection between the building drain and building sewer or
installed outside the building at the lower end of a building drain
and extended to grade.

Additional building sewer cleanouts shall be installed at in-
tervals not to exceed one hundred feet (100') in straight runs.

(b) When a building sewer or a branch thereof does not ex-
ceed ten (10) feet in length and is a straight line projection from
a building drain which is provided with a cleanout, no cleanout
will be required at its point of connection to the building drain.

(c) Every change in alignment or grade in excess of twenty-
two and one-half (221/2) degrees in a building sewer shall be
served by a cleanout, except that no cleanout shall be required
for not to exceed one (1) forty-five (45) degree change of direc-
tion or one (1) forty-five (45) degree offset. The extension of
building sewer cleanouts to grade is optional. When building
sewers are located under buildings the cleanout requirements of
Section 406 shall apply.

(d) Each cleanout shall be installed so that it opens in a direc-
tion opposite to the flow of the soil or waste or at right angles
thereto, and except in the case of "wye" branch and end-of-line
cleanouts, vertically above the flow of the pipe.

(e) Cleanouts installed under concrete or asphalt paving shall
be made accessible by yard boxes, or extending flush with paving

with approved materials and be adequately protected.
(f) Approved manholes may be installed in lieu of cleanouts

when first approved by the Administrative Authority. The maxi-
mum distance between manholes shall not exceed 300 feet.
Sec. 1108 Sewer and Water Pipes

Non-metallic building sewer or drainage piping shall not be
run or laid in the same trench with water service pipes or any
underground water pipes unless both of the following require-
cunts are met:

1. The bottom of the water piping at all points shall be at
least twelve (12) inches above the top of the sewer piping.

2. The water piping shall rest on a solid shelf at one side of
the common trench.

Sec. 1109 Drawings and Specifications
The Administrative Authority, Health Officer or other Depait

ment having jurisdiction may require any or all of the following
information before a permit is issued for a building sewer or a
private sewage disposal system, or at any time during the
construction thereof.

(a) Plot plan drawn to scale completely dimensioned, showing
direction and approximate slope of surface, location of all present
or proposed retaining walls, drainage channels, water supply
lines or wells, paved areas and structures on the plot, number of
bedrooms or plumbing fixtures in each structure and location of
the building sewer and private sewage disposal system with re-
lation to lot lines and structures.

(b) Details of construction necessary to assure compliance with
the requirements of this chapter together with a full description
of the complete installation including quality, kind and grade of
all materials, equipment, construction workmanship and methods
of assembly and installation.
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(c) A log of soil formations and ground water level as deter-
mined by test holes dug in close proximity to any proposed seep-
age pit or disposal field, together with a statement of water
absorption characteristics of the soil at proposed site as deter-
mined by approved percolation tests.

Sec. 1110 Location

(a) Except as provided in subsection (b) of this section, no
building sewer or private sewage disposal system or parts thereof,
shall be located in any lot other than the lot which is the site of
the building or structure served by such sewer or private sewage
disposal system; nor shall any building sewer or private sewage
disposal system or part thereof be located at any point having less
than the minimum distances indicated in Table 11-1.

(b) Nothing contained in this code shall be construed to pro-
hibit the use of all or part of an abutting lot to:

1. Provide access to connect a building sewer to an available
public sewer, when proper cause and legal easement not
in violation of other requirements has been first established
to the satisfaction of the Administrative Authority.
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Sec. 1111 Private Sewage Disposal (General)

(a) Where permitted by Section 1101, the building sewer may
be connected to a private sewage disposal system complying
with the provisions of this chapter. The type of system shall be
determined on the basis of location, soil porosity, and ground
water level and shall be designed to receive all sanitary sewage
from the property. The system, except as otherwise provided,
shall consist of a septic tank with effluent discharging into a sub-
surface disposal field, into one or more seepage pits or into a
combination of subsurface disposal field and seepage pits.

(b) Where conditions are such that the above system cannot
be expected to function satisfactorily; for commercial, agricul-
tural and industrial plumbing systems; for installations where
appreciable amounts of industrial or indigestible waste are pro-
duced; for hotels, hospitals, office buildings, schools and other
occupancies not listed in Table 11-3; for occupancies producing
abnormal quantities of sewage or liquid waste; or when grease
interceptors are required by other parts of this code, the method
of sewage treatment and disposal shall be first approved by the
Administrative Authority. Special sewage disposal systems for
minor, limited or temporary uses shall be first approved by the
Administrative Authority.

(c) Disposal systems shall be designed to utilize the most
porous or absorptive portions of the soil formation. Where the
ground water level extends to within twelve (12) feet or less of
the ground surface or where the upper soil is porous and the
underlying stratum is rock or impervious soil, a septic tank and
disposal field system shall be installed.

(d) All private sewage disposal systems shall be so designed

that additional seepage pits or subsurface drain fields, equivalent
to at least 100% of the required original system, may be installed
if the original system cannot absorb all the sewage. No division
ca the lot or erection of structures on the lot shall be made if
such division or structure impair:: the usefulness of the 100%
expansion room for its intended purpose.

(e) No property shall be improved in excess of its capacity
to properly absorb sewage effluent in the quantities and by the
means provided in this code.

(f) When there is insufficient lot area or improper soil condi-
Vons for adequate sewage disposal for the building or land use
proposed, and the Administrative Authority so finds, no building
permit shall be issued and no private sewage disposal shall be
permitted. Where space or soil conditions are critical, no build-
ing permit shall be issued until engineering data and test reports
satisfactory to the Administrative Authority have been submitted
and approved.

(g) Nothing contained in this chapter shall be construed to
prevent the Administrative Authority from requiring compliance
with higher requirements than those contained herein where such
higher requirements are essential to maintain a safe and sanitary
condition.
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Sec. 1112 Capacity of Septic Tanks

The liquid capacity of all septic tanks shall conform to Tables
11-2 and 11-3 as determined by the number of bedrooms or
apartment units in dwelling occupancies and the occupant load
or the number of plumbing fixture units as determined from
Table 4-1, whichever is greater in other building occupancies.
The capacity of any one septic tank and its drainage system shall
be limited by the soil structure classification as specified in
Table 11-5.

TABLE 11-5

Required Sq. ft. of Maximum Septic Tank
Leaching Area/100 gals. Size

Septic Tank Capacity Allowable
20-25 7500
40 5000
60 3500
90 3000

Sec. 1113 Area of Disposal Fields and Seepage Pits

The minimum effective absorption area in disposal fields in
square feet of trench bottom, and in seepage pits in square feet
of side wall, shall be predicated on the required septic tank
capacity in gallons and shall conform to Table 11-4 as determined
for the type of soil found in the excavation, and shall be as fol-
lows:

1. When disposal fields are installed, a minimum of one
hundred and fifty (150) square feet of trench bottom shall
be provided for each system exclusive of any hard pan, rock,
clay or other impervious formations. For large specially de-
signed and approved system, side wall area in excess of the
required twelve (12) inches and not to exceed thirty-six (36)
inches below the leach line may be added to the one hun-
dred and fifty (150) square feet trench bottom area when
computing absorption areas.

2. The minimum effective absorption area in any seepage pit
shall be calculated as the excavated side wall area below
the inlet exclusive of any hardpan, rock, clay or other
impervious formations.

The minimum required area of porous formation shall be
provided in one or more seepage pits. No excavation shall
extend into the water table nor to a depth where sewage
may contaminate underground water stratum that is usable
for domestic purposes.

Each seepage pit shall have a minimum side wall, not in-
cluding the arch, of ten (10) feet below the inlet.

3. Soils, other than those appearing in Table 11-4, shall be
tested for porosity as required by Section 1114.
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TABLE 11-4

RATED ABSORPTION CAPACITIES

OF 5 TYPICAL SOILS

Required sq.
ft. of leaching

Type of Soil area/ICO gals.

Maximum absorption
capacity gals./sq.
ft. of leaching area

for a 24-hour period.

1. Coarse sand or gravel 20 5
2. Fine sand 25 4
3. Sandy loam or sandy clay 40 2.5
4. Clay with considerable sand

or gravel 60 1.66
5. Clay with small amount of

sand or gravel 90 1.11

Sec. 1114 Percolation Tests

(a) Wherever practicable disposal field and seepage pit sizes
shall be computed from Table 11-4.
(b) In order to determine the absorption qualities of question-

able soils other than those listed in Table 11-4, the proposed site
shall be subjected to percolation tests acceptable to the Adminis-
trative Authority.

(c) Each test shall be made with clear water in an excavation

which has been thoroughly soaked prior to the test.
(d) When a percolation test is required, the proposed system

shall have the capability to absorb a quantity of clear water in
a 24 hour period equal to at least 5 times the liquid capacity of
the proposed septic tank. No private disposal system shall be
permitted to serve a building if a percolation test shows that ab-
sorption capacity of the soil is less than 1.11 gals. per square feet
of leaching area per 24 hrs.
Sec. 1115 Septic Tank Construction

(a) Plans for all septic tanks shall be submitted to the Ad-
ministrative Authority for approval. Such plans shall show all
dimensions, reinforcing, structural calculations and such other
pertinent data as may be required. Independent laboratory tests
and calibrations shall be provided on prefabricated septic tanks
as required by the Administrative Authority.

(b) Septic tanks shall be constructed of sound durable materials,
not subject to exces.:ive corrosion or decay and shall be water-
tight. Each such tank shall be structurally designed to withstand
all anticipated earth or other loads and shall be installed level
and on a solid bed.

(c) The walls and floor of each poured-in-place, concrete septic
tank shall be monolithic; the maximum length of any section of
unreinforced concrete septic tank wall shall be six (6) feet, and no
cross section of any such unreinforced concrete wall or floor shall
be less than five (5) inches in thickness. The minimum compressive
strength of any concrete septic tank wall, top and covers, or floor
shall be twenty-five hundred (2500) pounds per square inch.

(d) Concrete septic tank covers shall be reinforced and shall
have a minimum compressive strength of twenty-five hundred
(2500) pounds per square inch.

(e) All septic tank covers shall be capable of supporting an
earth load of not less than three hundred (300) pounds per square
foot when the maximum coverage does not exceed three (3) feet.
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(f) The minimum wall thickness of any steel septic tank shall
be No. 12 U.S. gauge (.109) and each such tank shall be protected
from corrosion both externally and internally by an approved
bituminous coating or by other acceptable means.

(g) Septic tank design shall be such as to produce a clarified
effluent consistent with accepted standards and shall provide
adequate space for sludge and scum accumulations.

(h) Septic tanks shall have a minimum of two (2) compartments.
The inlet compartment of any septic tank shall be not less than
two-thirds (2/a) of the total capacity of the tank nor less than five
hundred (500) gallons liquid capacity, and shall be at least three
(3) feet in width and five (5) feet in length. Liquid depth shall be
not less than two (2) feet and six (6) inches nor more than six (6)

feet. The secondary compartment of any septic tank shall have a
minimum capacity of two hundred fifty (250) gallons and a maxi-
mum capacity of one-third (1/3) of the total capacity of such tank.
In septic tanks having over fifteen hundred (1500) gallons capa-
city, the secondary compartment may be not less than five (5) feet
in length.

(i) Access to each septic tank shall be provided by at least two
(2) manholes twenty (20) inches in minimum dimension or by an
equivalent removable cover slab. One access manhole shall be
located over the inlet and one (1) access manhole shall be located
over the outlet. Wherever a first compartment exceeds twelve (12)
feet in length, an additional manhole shall be provided over the
baffle wall. Septic tanks installed under concrete or black top pav-
ing shall have the required manholes accessible by either ex-
tending the manhole openings to grade in a manner acceptable
to the Administrative Authority, or by providing a removable
concrete or other approved section, not less than 20" in the least
dimension, in such concrete or black top paving, which is located
directly over the required septic tank manholes.

(j) The inlet and outlet pipe or baffle shall extend four (4)
inches above and at least twelve (12) inches below the water
surface. The invert of the inlet pipe shall be at a level not less
than two (2) inches above the invert of the outlet pipe.

(k) Inlet and outlet pipe fittings or baffles, and compartment
partitions shall have a free vent area equal to the required cross
sectional area of the house sewer or private sewer discharging
thereinto to provide free ventilation above the water surface
from the disposal field or seepage pit through the septic tank,
house sewer and stack to the curer air.

(I) The total depth shall not be less than nine (9) inches greater
than liquid depth. The cover of the septic tank shall be at least two
(2) inches above the back vent openings.

(m) Partitions or baffles between compartments shall be of
sound durable material and shall extend at least four (4) inches
above the liquid level. An inverted fitting equivalent in size to
the tank inlet, but in no case less than four (4) inches in size,
shall be installed in the inlet compartment side of the baffle with
the bottom of the fitting placed midway in the depth of the liquid.
Wooden baffles are prohibited.

(n) All concrete septic tanks shall be protected from corrosion
by coating the inside with an approved bituminous coating or by
other acceptable means. The coating shall extend to at least four
(4) inches below the water line, and shall cover all of the internal
area above that point.
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Sec. 1116 Disposal Fields

(a) Distribution lines shall be constructed of tile laid with open
joints, except that perforated clay tile, perforated bituminous

fiber pipe, or other approved materials may be used, provided
that sufficient openings are available for distribtuion of the
effluent int: the trench area.

(b) Before placing filter material or drain lines in a prepared
excavation, all smeared or compacted surfaces shall be removed
from trenches by raking to a depth of 1 inch and the loose
material removed, Clean stone, gravel, slag or similar filter ma-
terial acceptable to the Administrative Authority, varying in size
from 3/4" to 21/2" shall be placed in the trench to the depth and
grade required by this section. Drain pipe shall be placed on filter
material in an approved manner. The drain lines shall then be
covered with filter material to the minimum depth required by
this section and this covered with untreated building paper, straw
or similar porous material to prevent closure of voids with earth
backfill. No earth backfill shall be placed over the filter material
cover until after inspection and acceptance.

(c) When seepage pits are used in combination with disposal
fields, the filter material in the trenches shall terminate at least
five (5) feet from the pit excavation and the line extending from
such points to the seepage pit shall be approved pipe with water-
tight joints.

(d) Where two (2) or more drain lines are installed, an approv-
ed distribution box of sufficient size to receive lateral lines shall
be constructed at the head of each disposal field. The inverts of
all outlets shall be level and the invert of the inlet shall be at
least one (1) inch above the outlets. Suitable baffles shall be pro-
vided to insure equal flow. Distribution boxes shall be built on a
level concrete slab installed in natural or compacted soil.

(e) All laterals from an aproved distribution box to the disposal
field where the grade exceeds six (6) inches per one hundred
(100) feet shall be bell and spigot vitrified clay or other approved
pipe with watertight joints. Multiple disposal field laterals,
wherever practicable, shall be of uniform length.

(f) Connections between a septic tank and a dis'ribution box,
or between a distribution box and drainfield, shall be laid with
approved watertight joints on natural ground or compacted fill.

(g) Automatic siphon or dosing tanks shall be installed when
required or as permitted by the Administrative Authority.

(h) Disposal fields shall be constructed as follows:
Minimum number of drain lines per field 1

Maximum length of each line 100 feet
Minimum bottom width of trench 18 inches
Maximum bottom width of trench 36 inches
Minimum spacing of lines center to center 6 feet
Minimum depth of earth cover over lines 12 inches
Preferred depth of cover of lines 18 inches
*Maximum grade of lines 6 inches per 100 feet

*Minimum grade of lines 3 inches per '`0 feet
Minimum filter material under drain lines 12 inches
Minimum filter material over drain lines 2 inches
Minimum spacing between trenches or leaching beds: Shall be
fe.mr (4) feet plus (2) feet for each additional foot of depth in
excess of one (1) foot below the bottom of the drain line.
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*Minimum grade of lines 3 inches per 100 feet
Minimum filter material under drain lines 12 inches
Minimum filter material over dr'.in lines 2 inches
Minimum spacing between trenches or leaching beds: Shall be
four (4) feet plus two (2) feet for each additional foot of depth in
excess of one (1) foot below the bottom of the drain line.

*When perforated pipe is used it shall be laid level and with the
end of the line capped.

Where leaching beds are permitted in lieu of trenches the area
of each such bed shall be at least fifty (50) percent greater than
the tabular requirements for trenches. Distribution drain lines
in leaching beds shall not be more than six (6) feet apart on
centers and no part of the perimeter of the leaching bed shall
be more than three (3) feet from a distribution drain line.

When necessary on sloping ground to prevent excessive line
slope, leach lines or leach beds shall be stepped. The lines be-
tween each horizontal section shall be made with watertight
joints and shall be designed so each horizontal leaching trench
or bed shall be utilized to the maximum capacity before the
effluent shall pass to the next lower leach line or bed. The lines
between each horizontal leaching section shall be made with
approved watertight joints.

Sec. 1117 Seepage Pits

(a) The capacity of seepage pits shall be based on the quan-
tity of liquid waste discharging thereinto, and on the character
and porosity of the surrounding soil and shall conform to Section
1113 of this chapter.

(b) Multiple seepage pit installations shall be served through
an approved distribution box or be connected in series by means
of a water tight connection laid on undisturb a or compacted soil,
the outlet from the pit shall have an appro '1 fitting extending
at least 12 inches below the inlet fitting.

(c) Each seepage pit shall be circular in shape and shall have
an excavated diameter of not less than four (4) feet. Each such
pit shall be lined with approved type whole new hard burned
clay brick, concrete brick, concrete circular type cesspool blocks
or other approved materials. Approval shall be obtained prior
to construction for any pit having an excavated diameter greater
than five (5) feet.

(d) The lining in every seepage pit shall be laid on a firm
foundation. Lining materials shall be placed tight together and
laid with joints staggered. Except in the case of approved type
pre-cast concrete circular sections, no brick or block shall be
greater in height than its width and shall be laid flat to form at
least a four (4) inch wall. Brick or block greater than twelve (12)
inches in length shall have chamfered matching ends and be
scored to provide for seepage. Excavation voids behind the brick,

block or concrete liner shall have a minimum of six (6) inches of
clean 3/4" gravel or rock and shall be progressively backfillPH
while the lining is being installed.

(e) All brick or block used in seepage pit construction shall
have a minimum compressive strength of twenty-five hundred
(2500) pounds per square inch.
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(f) Each seepage pit shall have a minimum sidewall (not in-
cluding the arch) of ten (10) feet below the inlet.

(g) The arch or dome of any seepage pit may be constructed
in one of three ways:

(1) Approved type hard burned clay brick or solid concrete
brick or block laid iv, rrortar.
(2) Approved brick or block laid dry.
In both of the above methods an approved cement mortar
covering of at least two (2) inches in thickness shall be
applied, said covering to extend at least six (6) inches
beyond the sidewalk of the pit.
(3) Approved type one or two piece reinforced concrete
slab of twenty-five hundred (2500) pounds per square inch
minimum compressive strength, not less than five (5) inches
thick and designed to support an earth load of not less than
four hundred (400) pounds per square foot. Each such
cover shall be provided with a nine (9) inch minimum in-
spection hole with plug or cover and shall be coated on
the under side with an approved bituminous or other non-
permeable protective compound.

(h) The top of the arch or cover must be at least eighteen (18)
inches but not more than four (4) feet below the surface of the
ground.

(i) An approved vented inlet fitting shall be provided in every
seepage pit so arranged as to prevent the inflow from damaging
the sidewall.

Sec. 1118 Cesspools

(a) A cesspool shall be considered only as a temporary ex-
pedient, pending the construction of a public sewer, as an over-
flow facility when installed in conjunction with an existing cess-
pool, or as a means of sewage disposal for limited, minor or
torr4.-,orary uses when first approved by the Administrative
Authority.

(b) Where it is established that a public sewer system will
be available in less than two (2) years and soil and ground water
conditions are favorable to cesspool disposal, cesspools without
septic tanks may be installed for single family dwellings or for
other limited uses when first approved by the Administrative
Authority.

(c) Each cesspool, when permitted, shall contorm to the con-
struction requirements set forth in Section 1117 of this chapter
for seepage pits and shall have a minimum sidewall (not includ-
ing the arch) of twenty (20) feet below the inlet, provided, how-
ever, that when a strata of gravel or equally pervious material
of four (4) feet in thickness is found, the depth of such sidewall
need not be more than ten (10) feet below the inlet.

(d) When overflow cesspools or seepage pits are added to
existing installations the effluent shall leave the existing pit
through an approved vented leg extending at least twelve (12)
inches downward into such existing pit and having its outlet
flow line at least six (6) inches below the inlet. All pipe between
pits shall be laid with approved watertight joints.
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Sec. 1119 Abandoned Sewers and Sewage Disposal Facilities

(a) Every abandoned building (house) sewer or part thereof,
shall be plugged or capped in an approved manner within five
(5) feet of the property line.

(b) Every cesspool, septic tank and seepage pit which has
been ab.nrir+ned or has been discontinued otherwise from
further use or to which no waste or soil pipe from a plumbing
fixture is connected, shall have the sewage removed therefrom
and be completely filled with earth, sand, gravel, concrete or
other approved material.

(c) The top cover or arch over the cesspool, septic tank, or
seepage pit shall be removed before filling and the filling shall
not extend above the top of the vertical portions of the sidewalls
or above the level of any outlet pipe until inspection has been
called and the cesspool, septic tank or seepage pit has been
inspected. After such inspection, the cesspool, septic tank or
seepage pit shall be filled to the level of the top of the ground.

(d) No person owning or controlling any cesspooi, septic tank,
or seepage pit on the premises of such person or in that portion of
any public street, alley or other public property ebutting such
premises, shall foil, refuse or neglect to comply with the pro-
visions of this section or upon receipt of notice so to comply from
the Department having jurisdiction.

(e) Where disposal facilities are el.-:andone1/41 consequent to con-
necting any premises with the public sewer, the permittee making
the connection shall fill all abandoned facilities as required by the
Administrative Authority within 30 days from the time of con-
necting to the public sewer.

TABLE 11-1

LOCATION OF SEWAGE DISPOSAL SYSTEM

Minimum Horizontal Distance Buildina Septic Disposal Seepage pit
In ClpA, From: Sewer Tank Field or Cesspool

Buildings or Structures 2 feet 5 feet 8 feet 8 feet
Property line adjoining private

property Clear 5 feet 5 feet 8 feet
Water supply wells 50 feet a 50 feet 100 feel 150 feet
Streams 50 feet 50 feet 50 feet 100 feet
Large trees 10 feet 10 feet
Seepage pits or cesspools 5 feet 5 feet 12 feet
Disposal field 5 feet 4 feet 5 feet
Domestic water line 1 foot 5 feet 5 feet 5 feet
Distribution box 5 feet 5 feet

NOTE:
When disposal fields and/or seepage pits are installed in sloping ground the minimum
tween any part of the leaching system and ground surface shall be fifteen (15) feet.
'Including porches and steps whether covered or uncovered, breezeways, roofed porte-cocheres,
ports, covered walks, covered driveways and similar structures or appurtenances.
,All non-metallic drainage piping shall clear domestic water supply wells by at least fifty (50)
may be reduced to not less than twenty-five (25) feet when approved type metallic piping is in
Where special hazards are involved the distance required shall be increased, as may be directed
ficer or the Administrative Authority.
,Plus two (2) feet for each additional foot of depth in excess of one (1) foot below the bottom of
also Section 1116).
Zee Section 1108.

horizontal distance be-

roofed patios, car

feet. This distance
stalled.

by the Health Of-

the drain line. (See

UPC-73

-116-



TABLE 11-2

Single family
dwellings number

of bedrooms

1 or 2
3
4

5 or 6

Cacapity of Septic Tanks*
Other Uses:

Multiple dwelling units Maximum Fixture
or apartments Units Served

one bedroom each Per Table 4-1

15
20

2 units 25
3 33
4 45
5 55
6 60
7 70
8 80
9 90

10 100

Minimum
septic tank
capacity in

gallons

750
1000
1200
1500
2000
2250
2500
2750
3000
3250
3500

Extra bedroom, 150 gallons each.
Extra dwelling units over 10, 250 gallons each
Extra fixture units over 100, 25 ga!!ons per fixture unit

*NOTE:
Septic tank sizes in this table include sludge storage capacity and the connection of domestic food waste dispo-
sal units without further volume increase.

TABLE 11-3

TYPE OF BUILDING

Grammar School
Grammar School with Cafeteria
High Schoo with Cafeteria

and shower baths
Factories

Restaurants
Trailer ParksCommunity Baths
Trailer ParksPrivate Baths

or independent trailers
MotelsBaths And Toilets
MotelsBath, Toilet & Kitchen
Self-Service Laundry

Drive-in Theaters

DAILY PER
CAPITA*

15 gallons
20 gallons

25 gallons
20 gallons

(without showers)
25 gallons

(with showers)
50 gallons
50 gallons

60 gallons
:;0 gallons
60 gallons

300 gallons per machine
per day

5 gallons per car per day

BASIC FACTOR

35 students
per class room

Each 8-hour shift

Each 8-hour shift
Per seat
3 person per trailer

3 persons per trailer
3 persons per unit
3 persons per unit

*Normal sludge storage capacity is included excepting waste from food disposal units.

UPC-73
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WELL 6" D1A.-140' DEEP THROUGH SAND AND LIMESTONE
NEAREST OTHER WELL 200 YDS. NORTH

'0

z

153

152

4" KITCHEN WASTE LINE

Grease Trap
(150 Gal.)

lI

6" PIPE

SLOPE 2%

MANHOLE

NEAREST ADJOINING WELL 375'

8" PIPE
SLOPE 1%

ALTERNATING
SIPHONS

DIVERSION ISC X

'TEST HOLE"-(T.H.)
1" DROP IN 5%
MINUTES

153

152

050 GAL. OR
LARGER SEPTIC TANK
DOSING TANK
PARTITION

150

0

z

149

2 *1,
Esc.
*MI"

as 150

0

149

Fig. 8-1 Typical Leaching Field Layout
Check Local Code

Manhole

JOINTS TO U GROUTED

Fig. 8-2 Typical Septic Tank
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BERKELEYSubmersibles are unsurpassed for in-
dustrial, municipal and agricultural applica-
tions. The pump and motor are completely
submerged in the well - - connected to the
surface by a single riser pipe. Noise from the
pumping unit is minimal a feature which is
most dcsirable for motel, hotel, and hospital
installations.

PRESSURE TANK
GAGE

X AIR
RELEASE
CONTROL

MOTOR CONTROL
WITH LIGHTNING ARRESTOR

PRESSURE
SWITCH

CHECK
VALVE

GROUND WIRE

AIR CHARGING
VAI.5C/

F.

This submersible series, while ideally suited for larger water system applications, is a

"natural" for sprinkler or flood irrigation. Sizes range from 112 H.P. through 30 H.P.,
3450 R.P.M., 60 Cycle, with 6" and 7" bowl diameters.

ECONOMY OF OPERATION
The higher efficiency provided by
a Berkeley submersible is your as-
surance of low operating cost.

0

LOWZR INITIAL COST

Due to the higher Be-kelcy submer-
sible efficiency, it is .J5Ual:y possi-
ble to select a pump of lower horse-
power to meet given capacity and
pressure requirements.

BETTER FIRE PROTECTION

The pump and motor unit located at
the 1. -)Iron, of Ole ,,,(.11 is not sri-.cop-
tibie to daeria:Le by fire.

EASE OF INSTALLATION

It is only necessary to connect a single
pipe to the pump and motor unit. Crook-
ed wells that will not accommodate pumps
of other types are suitable for the instal-
lation of a Berkeley submersible.

PROTECTION FROM
FREEZING

The submersible, when installed, is only
subjected to the temperature of the water
being pumped. In extemely cold climates
the above ground discharge pipe may be
buried below the frost line and run under-
ground to the tank.

Fig. 8-3
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AIR CHARGING
BLEED BACK
VALVE

RISER PIPE

SUBMERSIBLE
CABLE

CABLE
CONNECTOR

PUMP AND
MOTOR UNIT

Courtesy-
Berkeley Pump Co.

FLOOD OR

IRRIGATION
OUTLET
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9

I

Ol Top case is cast grey iro.1 of sturdy construction.

0
Streamlined internal passages minimize friction loss.

Bowls are of cast grey iron - - threaded together.
Modern hydraulic design provides the ultimate in
efficiency.

0 Enclosed bracket is cast grey iron - - constructed to
provide precision alignment between punto and motor
and protection from sand and other foreign materials.

0 Check valve is the non-slam, low-loss Berkeley de-
sign, proven dependable through years of service.
Rubber clack, bronze seat, monel spring.

0 Bronze top and bottom case bearings are grease lubri-
cated - - assuring quiet operation and maximum life.

CI Bowl bearing is of long wearing hi-lead bronze - -
water I ubricated.

0 Impellers are bronze - - carefully machined and bal-
anced. Modern hydraulic design achieves highest
efficiencies possible.

0 Shaft coupling is stainless steel - - keyed and set
screwed securely to pump shaft. Precision machined
to maintain motor and pump alignment.

9. Motor assembly.

Molded from new space-age
the rmo-p I as tic materials
polycarbonate, the impellers
in the Berkeley 6A series sub-
mersibles are smoother; water
passes with minimum friction
loss. The non-porous, non-
a br asi ve and non-corrosive
characteristics of polycarbon-
ate are especially resistant to
abrasion. Wear rings provide
proper impeller bowl cl e a r-
ance, minimize wear, and
maintain new pump perfor-
mance.

Fig. 8-4
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5

10

11

Fairbanks-Morse turbine
pumps at,. scientifically
designed and precision
built of the finest mate-
rials available. They have
been developed to cover
a wide range of capacities

and heads to meet numer-

ous requirements. Pumps

of the Figure 6977 line
feature highly efficient
semi-open impellers and
water lubricated shaft
bearings.

MAIN
palk

SPECIFICATIONS
1. ADJUSTING NUTProvides a simple and efficient
means of proper impeller adjustment to meet a wide
range of pumping conditions.

2. COLUMN BEARINGSWater-lubricated revolvable
spiral-grooved rubber bearings are specifically de-
signed to assure smooth operation, long life, and
enduring economy under the most adverse pumping
conditions.

3. BEARING RETAINERSThese are of cast bronze
and streamlined for minimum friction loss. Correct
porting provides essential flushing of grit.

4. PUMP BOWLSThe bowls are made of POMOLOY,
an especially close-grained, high-tensile cast iron pro-
viding greater resistance to corrosion than ordinary
cast iron.

5. SUCTION PIPE AND STRAINERSuction pipe is
machined from discharge column stock and coupled
to a galvanized Cornucopia-type strainer, assuring
adequate suction opening and protection from large
particles.

6. FAIRBANKS-MORSE MOTORThe vertical hollow-
shaft eiectric motor incorporates the non-reverse
ratchet. This feature is positive assurance that the
shaft cannot be unscrewed by accidental phase re-
versal. The non-reverse ratchet also prevents undue
stress created when the motor starts at a time of
shaft reversal. Both pump and motor are built by
one reliable manufacturer, thus assuring the advan-
tage of undivided responsibility.

7. PACKING BOX--The discharge head is designed
with extra height so that the packing box is readily

Fig. 8-5
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accessible at the surface for periodic Inspection and
adjustment.

B. STILLING TUBEThe stilling ti be prevents the
entrance of suspended material to the packing box.
Servicing is thereby reduced to a minimum.

P. DRIVE SHAFTEach drive shalt is made to an
exact standard length of SAE 1045 high-strength steel,
"Fairmortected" for corrosion resistance. A non-
corrosive field replaceable sleeve of polished stainless
metal is provided on every length at the bearings.
End high-strength shaft couplings are accurately ma-
chined from bar stock.

10. COLUMN PIPEColumn is machined in our own
factories to exact lengths. This assures ease in han-
dling and proper matching with rotating parts. The
threads are cut and the ends are faced so that each
column butts squarely in its coupling. The couplings
are made from extra-strong seamless tubing.

11. IMPELLERSSemi-open Impellers are accurately
finished and balanced in special machines to main-
tain consistently superior quality. The impellers are
securely locked to the stainless steel Impeller shaft
with a tapered sleeve and locknut. The impeller as-
sembly is adjusted vertically by the top-shaft adjust-
ing nut to vary water capacity to match existing field
conditions and compensate for eventual wear. This
design is absolutely free from sand locking.

12. BOWL BEARINGSThe Water-lubricated bowl
bearings are of high - quality natural rubber specifi-
cally designed for maximum life. Each Intermediate
stage is fitted with a bearing, and extra-long bearings
are used in the suction and discharge bowls, to
assure adequate support for the impeller shaft-

Courtesy
Fairbanks -Morse Co.



ELECTRIC DRIVE

BELTED
DRIVE

To properly recommend a pump for a specific service, certain

information is required. This includes: (1) Inside diameter of well.

(2) Depth of well. (3) Depth to water when pumping. (4) Capacity

required in G.P.M. (5) Draw-down when pumping desired capacity.

(6) Length and diameter of pipe beyond discharge head.

(7) Vertical distance from pump base to highest level water is

to be raised. (8) Type of driveif the pump is motor driven, give

phase, frequency and voltage; if the pump is belt driven, give

horsepower and speed in R.P.M. and diameter of pulley. In case the

well is not straight, and of true diameter for its length, a

complete description should accompany the inquiry.

:,1001,1

_ _

COMBINATION
GEARED DRIVE

DISCHARGE HEADS

Turbine pump discharge heads are designed

for mounting electric motors, gear drives,

belt assemblies, or other drivers to suit
r,

local power supply. Illustrated on

this page are various types of dis-

charge heads and drives offered

with Fairbanks Morse

turbine pumps.

Fig. 8-6
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Raw
Water
Inlet

ServiceRaw water enters
valve, flows from top of
tank to bottom where soft-
ened water is collected and
directed through valve to
service.

To Drain

RegenerationRaw water
enters valve, draws in brine,
flows down through the bed
to bottom of tank, returns
to valve and out to drain.

Raw
Water
Inlet

To Drain

BackwashRaw water en-
ters valve, flows from bot-
tom of tank to top, return
to valve and out to drain.

Raw
ater
nlet

RinsingRaw water enters
valve, flows from top of
tank to bottom where water
is directed through valve to
drain.

Fig. 8-7 Typical Water Softener

Note: It illustrates the flow of
water through a multiport
valve in each of its operating
positions.
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Fig. 8-8

Typical cross-section of 2-pipe
jet pump discharging into a hydro-
pneumatic tank.

Note the supply line which feeds
the jet.

Courtesy-
Jacuzzi Pump Co.



WATER PROBLEMS

PROBLEM CAUSE CORRECTIVE MEASURE

Scale in water heaters
and pi..cibing.

Soap curd problems in kitchen,
laundry, and bath.

Calcium and
magnesium
hardness.

Removal by zeolite or resinous
(ion exchange) water softeners.

Porcelain and fabrics stained
brown to black.

Metallic taste
Water clear when drawn but

turbidity appears on standing.

Iron and/or
manganese.

Removal by a resinous softener.
Removal by an iron filter.
Aeration and removal by filter.

"Rotten egg" odor.
Sulfur taste.
Silver tarnishes rapidly.

Hydrogen
sulfide gas.
"Sulphur water."
Sulfate reducing

bacteria.

Aeration and filtration.
Chlorination and filtration.

Red stains in laundry
(Corrosion in iron or
galvanized piping and
water heating system).

Acid water
(Low pH)
caused by
excessive
carbon
dioxide
(CO2) in
water.

Removal by acid neutralizing
filter.

Removal by aeration.

Blue stains in laundry
(Corrosion in copper
piping).

Dissolved
oxygen.

Cannot be economically removed.
Corrosion can be minimized by
use of Bru-Cex polyphosphate
to form a film on metal
surfaces.

Coarse sediment, sand etc.
(Particles settle readily).

Sand pumped
from well.

Material from
city mains.

Simple filtration.

Cloudy or turbid water. Fine
suspended
matter.

Flocculation by alum
followed by filtration.

Diatomite filters.

Water tastes and odors.

Organic
matter.

Activated carbon filters will
remove most tastes and
odors. Special cases may
require chlorination and
filtration.

Alkali or
brackish
water.

Cannot be economically
treated. It is generally
necessary to seek
another source of supply
or haul drinking water.

Fig. 8-9
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CENTRIFUGAL PUMP PROBLEMS

No Discharge
Lack of discharge from a pump may be caused by any
of the following conditions:

Pump not primed
Speed too low

Discharge head too high
Suction lift higher than that for which pump is

designed
Impeller completely plugged
Wrong direction of rotation

Insufficient Discharge
Insufficient discharge from a pump may be caused by
any of the following conditions:

Air leaks in suction line or stuffing boxes
*Speed too low

Discharge head higher than anticipated
Suction lift too high. Check with gauges; check

also for clogged suction line or screen
Impeller partially piumed
Not enough suction head for hot or volatile liquids
Mechanical defects:

Wearing rings worn
Impeller damaged

Foot valve too small
Foot valve or suction opening not submerged

deeply enough
Impeller installed backwards
Wrong direction of rotation

Insufficient Pressure
Insufficient pressure from a pump may be caused by
any of the following conditions:

-*Speed too low
Air or gases in liquid
Mechanical defects:

Wearing rings worn
Impeller damaged

Impeller diameter too small
Impeller installed backwards
Wrong direction of rotation

Loss of Suction Following Period of Satisfactory
Operation
Loss of suction under these conditions may be caused
by any of the following conditions:

Leaky suction line
Waterseal plugged
Suction lift too high
Casing gasket defective

Excessive Power Consumption
Excess power consumption may be caused by any of
the following conditions:

Speed too high
Head lower than rating; pumps too much liquid
Specific gravity or viscosity of liquid pumped is too

high
Mechanical defects:

Shaft bent
Rotating element binds
Stuffing boxes too tight
Wearing rings worn

When directly connected to electric motors, deter-
mine whether or not the motor is across the line and
receives full voltage. When directly connected to
steam turbines, make sure that the turbine receives
full steam pressure.

Fig. 8-10
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If the operation of the

centrifugal pump is not
satisfactory at startup
or after being in opera-
tion, the cause can
probably be found in the
table.



CHAPTER 9

DRAINAGE AND VENT SYSTEMS

General: The information the Plumber requires to properly install the
drainage and vent systems are shown on the plans and described in the
specifications.

The Plumbing Inspector must be alert and familiar with all phases of the
drainage and vent systems during the roughing-in stages; also during the
setting of the fixtures and other finish. The drainage and vent systems
affect the health of the building occupants and can be the source of an
epidemic if the workmanship is not proper. The local codes must be in-
terpreted and followed.

The requirements for drainage and vent systems are that the pipes will
carry the waste water rapidly away from the fixtures without clogging,
and that the production of siphonage and back pressures will be avoided.
The systems must also prevent the passage of air, odors, or vermin from

the sewer into the building. The pipes must be gas, air, and water tight
as proven by test. The systems must be economically justified based on
the life expectancy of the building. A 10 to 25 year life expectancy
building may be designed differently from a 75 to 100 year life expectancy
building. In any case, the pipes must be durable and installed so that
they will not leak nor be damaged under normal usage of the building.
This means that they will withstand vibration from traffic or possible
earthquake tremors.

Since a modern building is complex it generally will have air conditioning
ducts, electrical conduit, storm drain piping, fire sprinkler piping, and
structural components, all vying for space in the ceiling or walls. Often
the plans will not be coordinated to the point where all piping can be
accommodated in the space allowed. The Inspector can be helpful here in
assisting the various crafts to use the space to the best advantage; if
the problems cannot be resolved, then they must be referred through pro-
per channels for a decision.

Building Drains: Many buildings are constructed with the concrete slab
on grade, so that the groundwork, socalled, becomes the first considera-
tion. After grading is accomplished the trench work should be similar to
that described in Chapter 7, Utilities. The underfloor sanitary piping
is cast iron with caulked joints, usually.

The ends of the pipe should abut against each other, so there shall
be no shoulder nor unevenness of any kind along the inside bottom half
of the drain. Any sharp points or abrasions may cause tissue to catch
and cause a backup. The lowest point on the inside circumference of the
pipe should not deviate more than 1/16 inch from the designed elevation
and uniform slope. Backfilling should be prompt after the pipe has been
laid, inspected, and tested. The backfilling will require compaction,
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generally to 95% of the surrounding soil, or may require sand fill, so
that the slab can be ooured as soon as possible. Openings larger than
the pipe must be provided where penetrating floor slabs, whether on grade
or above grade; also at the foundation walls. The annular space around
the pipe and the sleeve must be sealed water tight with oakum and lead,
or other means.

Drainage and Vent Pipes: Drainage and vent pipes must be installed in
straight alignment and made with the proper fittings arranged for ease of
access and maintenance; they should be free from drops or sags and con-
nected to drain back to the soil or waste pipe by gravity.

Vent pipes are subjected to the same pressures and corrosion factors as
the drainage pipes. The local plumbing code governs on the acceptable

materials for each.

Vent branches should be taken off above the center line of a horizontal
soil or waste pipe and connect at least 6 inches above the flood level
of the fixture it is venting, before connecting to its main tie-in vent.

Vent stacks terminate above the roof so that the noxious odors can be
quickly dispersed; most codes require that a distance of several feet
separate the vent terminal from windows, air intakes, and property lines.
If snow or frost is a problem, a minimum size may be specified, probably
1 or 2 sizes larger from 1 foot below the roof.

The drainage and vent pipes are installed in the finished portions of a
building in concealed spaces such as walls or plenums. Access holes or
inspection plates shall be installed at critical points or cleanout loca-
tions to facilitate repairs. This is the responsibility of the Plumber.

Pipes shall be supported so that the weight does not bear on a caulked
joint. Bell and spigot pipe shall be supported at each joint at the hub,
while other piping shall be supported at about 10 foot intervals. Vert-

ical piping shall be supported at each floor level if cast iron. Local

codes govern this, as in other requirements.

Traps: Traps in the sanitary drainage system perform several functions,
but the primary purpose is to prevent the passage of odors carried by air
from the sewer into the building; also vermin of various types are kept
out of the system. Like most things the ideal trap has not yet been de-
signed, but some of the desirable features of traps are:

1. It must be self-cleaning; it must have no recesses nor
pockets, which cannot be scoured by the flow of sewage
through the trap.

2. The inner surface must be smooth, so that the scouring
can be complete.

-127-



3. The water seal must be 2 inches deep approximately;
the sewage must pass freely without mechanical aid;
sewer gas must be effectively trapped so that it can-
not pass in either direction, even when sewage is not
flowing.

4. The design must incorporate features so that there are
no gaskets nor packing on the sewer side of the seal
which may later allow leakage of sewer gas.

In addition to the ordinary traps used in plumbing systems, there is a
class known as interceptors which, as the name implies, are used to re-
move objectionable materials before they enter the drainage system and
rause clogging or other troubles. Most interceptors are equipped with
non-corrosive metal baskets which allow liquids to flow but trap the
solids which may be anything from grease, as in a restaurant, to hair, as
in a beauty shop; such special traps must be vented the same as a sanitary
trap; in large installations the interceptors may be constructed of con-
crete outside the building to facilitate cleaning; garages, washracks,
canneries, and commercial restaurants are usually equipped with such in-

terceptors. The design may vary, but the purpose is the same.

Every fixture shall be separately trapped; there are minor exceptions;
these are usually covered by the local codes, usually in relation to
compartmented sinks or floor drains.

Sewage Pumps: In many installations the sanitary sewer may be at a higher
elevation than some portions of the building sewer, particularly in large
buildings where fixtures are installed in the basement. A sewage pump is
required to lift that portioh of the waste into the building sewer so that
it can flow by gravity away from the project. Such pumps, usually in
duplicate, are nearly always controlled automatically by a float or probe
mechanism; the rates of flow determine the size of the storage basin,
and the pumping rates of the ejectors.

Tests: On larger jobs the installation may be tested in sections as the

work progresses. Where repairs are necessary they can be made more

readily. A final test can be made after fixtures are set and before the
work is accepted. The water test and the air test can be made during

construction. The odor test and the smoke test are usually made on sys-
tems which are in operation. A description of the various types of tests
is given in Chapter 19, Inspection and Testing.
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DRAINAGE SYSTEMS

Section 401 Materials
(a) Drainage pipe shall be cast iron, galvanized steel, galvan-

ized wrought iron, lead, copper, brass, ABS, PVC or other ap-
proved materials having a smooth and uniform bore, except:
1. That no galvanized wrought iron or galvanized steel pipe shall
be used underground and shall be kept at least six (6) inches
above ground. 2. ABS or PVC installations limited to residential
construction not more than two (2) stories in height.

(b) Drainage fittings shall be of cast iron, malleable iron, lead,
brass, copper, ABS, PVC or other approved materials having a
smooth interior waterway of the same diameter as the pipina
served and all such fittings shall conform to the type of pipe used.

1. Fittings on screwed pipe shall be of the recessed drain-
age type. Burred ends shall be reamed to the full bore of
the pipe.

2. The threads of drainage fittings shall be tapped so as to
allow one fourth (1/4) inch per foot grade.

Sec. 402 Fixture Unit Equivalents

The unit equivalent of plumbing fixtures shown in Table 4-1
shall be based on the size of the trap required, and the unit
equivalent of fixtures and devices not shown in Table 4-1 shall
be based on the rated discharge capacity in G1PM (gallons per
minute) in accordance with Table 4-2.

Maximum trap loadings for sizes up to four (4) inches are as
follows: 11/4" 1 unit

1 1/2" 3 units
2" 4 units
3" 6 units
4" 8 units

Exception on self-service laundries.
Sec. 403 Size of Drainage Piping

(a) The minimum sizes of vertical and/or horizontal drainage
piping shall be determined from the total of all fixture units
connected thereto, and additional, in the case of vertical drainage
pipes, in accordance with their length.

(b) Table 4-3 shows the maximum number of fixture units
allowed on any vertical or horizontal drainage pipe, building
drain or building sewer of a given size; the maximum number of
fixture units allowed on any branch interval of a given size; the
maximum length (in feet) of any vertical drainage pipe of a given
size.

TABLE 4-1 Minimum
Trap & Trap

Kind of Fixture Arm Size Units
Bathtubs 11/2" 2
Bidets 1 1/2" 2

I Dental Units or Cuspidors 11/4" 1

Drinking Fountains 11/4" 1

Floor Drains 2" 2
*Interceptors for grease, oil, solids, etc. 2" 3
*Interceptors for sand, auto wash, etc. 3" 6
Laundry tubs 1 1/2" 2
Clothes Washers 2" 2

UPC-73
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*Receptors (floor sinks) indirect waste receptors
for refrigerators, coffee urn, water stations,
etc. 11/2" 1

*Receptors, indirect waste receptors for com-
mercial sinks, dishwashers, airwashers, etc 2" 3

Showers, single stalls 2" 2

*Showers, gang, (one unit per head) 2"
Sinks, bar, private (1 1/2" mm. waste) 11/2" 1

Sinks, bar, commercial (2" min. waste) 11/2" 2
Sinks, commercial or industrial, schools, etc.

including dishwashers, wash up sinks
and wash fountains (2" min. waste) 11/2" 3

Sinks, flushing rim, clinic 3" 6
Sinks, and/or dishwashers (residential)

(2" min. waste) 11/2" 2

Sinks, service 2" 3
Trailer park traps (one for each trailer) 3" 6
Urinals, pedestal 6
Urinals, stall 2" 2
Urinals, wall (2" min. waste) 11/2" 2
Urinals, wall trough (2" min. waste) 11/2" 3

I Wash basins (lavatories) single 11/4" 1

Wash basins, in sets 11/2" 2
I*Water closet tank type 3" 4

Water closet flush valve type
3" 6

*NOTEThe size and discharge rating of each indirect waste
receptor and each interceptor shall be based on the total rated
discharge capacity of all fixtures, equipment or appliances dis-
charging thereinto in accordance with Table 4-2.

Drainage piping serving batteries of appliances capable of
producing continuous flows shall be adequately sized to provide
for peak loads. Clothes washers in groups of 3 or more shall be
rated at 6 units each for the purpose of common waste pipe
sizing.

Tank type toilets shall be computed as 6 fixture units when de-
termining septic tank size based on Section 1112.

Trap sizes shall not be increased to a point where the fixture
discharge may be irier.4equate to maintain their self scouring
properties.

TABLE 4-2
DISCHARGE CAPACITY (In Gals. per min.)

For Intermittent Flow Only
Up to 71/2 Equals 1 Unit
8 to 15 Equals 2 Units

16 to 30 Equals 4 Units
31 to 50 Equals 6 Units

Over 50 gals. shall be determined by the Administrative
Authority.

For a continuous flow into a drainage system, such as from a
pump, pump ejector, air conditioning equipment, or simile' de-
vice, two fixture units shall be allowed for each gal. per minute
of flow.
Sec. 404 Fixture Connections (Drainage)

(a) Drainage piping shall be provided with approved inlet
fittings for fixture connections, correctly located according to
the size and type of fixture proposed to be connected.

(b) Two fixtures set back to back or side by side, within the
distance allowed between a trap and its vent, may be served by
a single drainage pipe provided that each fixture wastes separ-
ately inl`o an approved double fitting having inlet openings at the
sarr. levpi

UPC-73
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Sec. 405 Changes in Direction of Drainage Flow
(a) Changes in direction of drainage piping shall be made

by the appropriate uce of approved fittings and shall be of the
angles presented by a one-sixteenth (1/16) bend, one-eighth
(1/8) bend, or one-sixth (1/6) bend, or other approved fittings
of equivalent sweep.

(b) Horizontal drainage lines, connecting with a vertical stack,
shall enter through forty-five (45) degree "Y" branches, sixty (60)
degree "Y" branches, combination "Y" and one-eighth (1/2) bend
branches, sanitary tee or sanitary tapped tee branches, or other
approved fittings of equivalent sweep. No fitting having more
than one (1) branch at the same level shall be used unless such
fitting is constructed so that the discharge from one (1) branch
cannot readily enter any other branch. Double sanitary tees may
be used when the barrel of the fitting is at least two (2) pipe sizes
larger than the largest branch, (pipe sizes recognized for this
purpose. are 2", 21/2 ", 3", 31/2 ", 4", 41/2 ", 5", 6", etc).

(c) Horizontal drainage lines connecting with other horizontal
drainage lines shall enter through forty-five (45) degree "Y"
branches, combination "Y" and one-eighth (V8) bend branches,
or other approved fittings of equivalent sweep.

(d) Vertical drainage lines connecting with horizontal drainage
lines shall enter through forty -five (45) degree branches, or other
approved fittings of equivalent sweep. Sixty (60) degree branches
or offsets may be used only when installed in a true vertical
position.

Sec. 406 Cleanouts
(a) Each horizontal drainage pipe shall be provided with a

cleanout at its upper terminal, and each run of piping, which is
more than one hundred (100) feet in total developed length
shall be provided with a cleanout for each one hundred (100)
feet or fraction thereof, in length of such piping.

Exceptions:
1. Cleanouts may be omitted on an horizontal drain line less

than five (5) feet in length unless such line is serving sinks or
urinals.

2. Cleanouts may be omitted on any horizontal drainage pipe
installed on a slope of seventy-two (72) degrees or less from the
vertical angle (angle of 1/5 bend).

3. Excepting the building drain and its horizontal branches,
a cleanout shall not be required on any pipe or piping which is
above the first floor of the building.

4. An approved type of two-way cleanout fitting installed in-
side the building wall near the connection between the building
drain and building sewer or installed outside of a building at the
lower end of a building drain and extended to grade may be sub-
stituted for an upper terminal cleanout.

(b) An additional cleanout shall be provided in a horizontal
line for each aggregate change of direction exceeding one hun-
dred and thirty-five (135°) degrees.

(c) Each cleanout shall be installed so that it opens in a

direction opposite to the flow of the soil or waste or at right
angles thereto and, except in the case of "wye" branch and
end-of-line cleanouts, shall be installed vertically above the flow
line of the pipe.

(d) Each cleanout extension shall be considered as drainage
piping and each ninety (90°) degree cleanout extension shall
be extended from a "Y" type fitting or other approved fitting of
equivalent sweep.
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(e) Each cleanout for an interceptor shall be outside of such
interceptor.

(f) Each cleanout, unless installed under an approved cover
plate, shall be above grade, readily accessible, and so located
as to serve the purpose for which it is intended. Cleanouts
located under cover plates shall be so installed as to provide
the clearances and accessibility required by this section.

(g) Each cleanout in piping two (2) inches or less in size shall
be so installed that there is a clearance of not less than twelve
(12) inches in front of the cleanout. Cleanouts in piping larger
than two (2) inches shall have a clearance of not less than
eighteen (18) inches in front of the cleanout. Cleanouts in under-
floor piping shall be extended to or above the finished floor or
shall be extended outside the building when there is less than
eighteen (18) inches vertical and thirty (30) inches horizontal

clearance from the means of access to such cleanout. No underfloor
cleanout in any residential occupancy shall be located more than
twenty (20) feet from an access door, trap door or crawl hole.

(h) Cleanout fittings shall be not less in size than that given
in Table 2-3.

(i) C!earouts shall be provided for pressure drainage systems
as classified under Section 409 (g).
Sec. 407 Grade of Horizontal Drainage Piping

Horizontal drainage piping shall be run in practical alignment
and a uniform slope of not less than one-fourth (1/4) of an inch
per foot or two (2) percent toward the point of disposal; provided,
that where it is impractical due to the depth of the street sewer
or to the structural features or to the arrangement of any building
or structure to obtain a slope of one-fourth (1/4) of an inch per
foot or two (2) percent, any such pipe or piping four (4) inches
or larger in diameter may have a slope of not less than one-eighth
(1/8) of an inch per foot or one (1) percent when first approved
by the Administrative Authority.
Sec. 408 Gravity Drainage Required

Wherever practicable all plumbing fixtures shall be drained
to the public sewer or private sewage disposal system by gravity.
Sec. 409 Drainage Below Curb and Also Below Main Sewer Level

(a) Drainage piping serving fixtures, the flood level rims of
which, are located below the elevation of the curb or property
line, at the point where the building sewer crosses under the
curb or property line, and above the crown level of the main
sewer, shall drain by gravity into the main sewer, and shall be
protected from back flow of sewage by installing an approved
type back water valve, and each such backwater valve shall be
installed only in that branch or section of the drainage system
which receives the discharge from fixtures located below the
elevation of the curb or property line.

(b) Drainage piping serving fixtures that are located below
the crown level of the main sewer, shall discharge into an
approved water-tight sump or receiving tank, so located as to
receive the sewage or wastes by gravity. From such sump or
receiving tank the sewage or other liquid wastes shall be lifted
and discharged into the building drain or building sewer by
approved ejectors, pumps or other equally efficient approved
mechanical device.

(c) The minimum size of any pump or any discharge pipe
from a sump having a water closet connected thereto shall be
not less than two (2) inches.
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(d) The discharge line trom such ejector, pump or other
mechanical device shall be provided with an accessible back-
water or swing check valve and gate valve, and if the gravity
drainage line to which such discharge line connects is horizontal,
the method of connection shall be from the top through a "wye"
branch fitting.

(e) Building drains or building sewers receiving discharge
from any pump or ejector shall be adequately sized to prevent

over-loading. Two (2) fixture units shall be allowed for each
gallon per minute of continuous flow.

(f) Back-water valves, gate valves, motors, compressors, air
tanks or other mechanical devices required by this section, shall
be located where they will be readily and easily accessible for
inspection and repair at all times, and unless continuously exposed,
shall be enclosed in a water tight masonry pit fitted with an
adequately sized removable cover.

(g) The drainage and venting systems in connection with
fixtures, sumps, receiving tanks and mechanical waste lifting
devices, shall be installed under the same requirements as pro-
vided fur in this code for gravity systems.

(h) Sumps and receiving tanks shall be watertight and shall
be constructed of concrete, metal or other approved materials.
If constructed of poured concrete, the walls and bottom shall be
adequately reinforced and designed to recognized acceptable
standards. Metal sumps or tanks shall be of such thickness as to
serve their intended purpose and shall be treated internally and
externally to resist corrosion.

(i) All such sumps and receiving tanks shall be automatically
discharged and when in any "public use" occupancy shall be
provided with dual pumps or ejectors arranged to function
independently in case of overload or mechanical failure. The
lowest inlet shall have a minimum clearance of two (2) inches
from the high water or 'starting' level of the sump.

(j) Sumps and receiving tanks shall be provided with sub-
stantial covers having a bolt and gasket type manhole or
equivalent opening to permit access for inspection, repairs, and
cleaning. The top shall be provided with a vent pipe which shall
extend separately through the roof, or when permitted, may be
combined with other vent pipes. Such vent shall be large enough
to maintain atmospheric pressure within the sump under all
normal operating conditions and in no case shall be less in size
than that required by Table 4-3 for the number of fixtures dis-
charging into the sump, nor less than one and one-half (11/2)
inches in diameter. When the foregoing requirements are met
and the vent, after leaving the sump, is combined with vents
from fixtures discharging into the sump, the size of the combined
vent need not exceed that required for the total number of
fixtures discharging into the sump. No vent from an air-operating
sewage elector shall combine with other vents.

(k) Air tanks shall be so proportioned as to be of equal
cubical capacity to the ejectors connected therewith in which
there shall be maintained an air pressure of not less than two
(2) pounds for each foot of height the sewage is to be raised.
No water operated ejectors shall be permitted.

(1) When subsoil drainage systems are installed, they shall be
discharged into an approved sump or receiving tank and shall
be discharged in a manner satisfactory to the Administrative
Authority.

UPC-73

-133-



T
A

P
LE

 4
-3

Li
st

s 
M

ax
im

um
 U

ni
t L

oa
di

ng
 a

nd
 M

ax
im

um
 L

en
gt

h 
of

 D
ra

in
ag

e 
an

d 
V

en
t P

ip
in

g

S
iz

e 
of

 P
ip

e 
(in

ch
es

)
11

/4
"

11
/2

"
2"

21
/2

"
3"

4"
5"

6"
8"

10
"

12
'

M
ax

. U
ni

ts
D

ra
in

ag
e 

P
ip

in
g'

V
er

tic
al

1
2'

16
'

32
'

48
'

25
6

60
0

13
80

36
00

56
00

84
00

H
or

iz
on

ta
l'

1
1

8'
14

'
35

4
21

6
42

8
72

0
26

40
46

80
82

00
M

ax
. L

en
gt

h 
(F

ee
t)

D
ra

in
ag

e 
P

ip
in

g
V

er
tic

al
45

65
85

14
8

21
2

30
0

39
0

51
0

75
0

H
or

iz
on

ta
l U

nl
im

ite
d

V
en

t P
ip

in
g

H
or

iz
on

ta
l a

nd
 V

er
tic

al
M

ax
. U

ni
ts

1
8'

24
48

84
25

6
60

0
13

80
36

00
M

ax
. L

en
gt

hs
45

60
12

0
18

0
21

2
30

0
39

0
51

0
75

0
(S

ee
 N

ot
e)

.
E

xc
lu

di
ng

 tr
ap

 a
rm

.
2

E
xc

ep
t s

in
ks

 a
nd

 u
rin

al
s.

E
xc

ep
t s

ix
-u

ni
t t

ra
ps

 o
r 

w
at

er
 c

lo
se

ts
.

O
nl

y 
fo

ur
 w

at
er

 c
lo

se
ts

 o
r 

si
x-

un
it 

tr
ap

s 
al

lo
w

ed
 o

n 
an

y 
ve

rt
ic

al
 p

ip
e 

or
 s

ta
ck

 a
nd

 n
ot

 to
 e

xc
ee

d 
th

re
e 

w
at

er
 c

lo
s-

i w
et

s 
or

 s
ix

-u
ni

t t
ra

ps
 o

n 
an

y 
ho

riz
on

ta
l b

ra
nc

h 
or

 d
ra

in
 p

ro
vi

de
d 

an
y 

on
e 

of
 th

e 
th

re
e 

di
sc

ha
rg

es
 is

 s
ep

ar
at

ed
 fr

om
th

e 
ot

he
r 

tw
o 

by
 a

 m
in

im
um

 h
or

iz
on

ta
l d

ev
el

op
ed

 le
ng

th
 o

f f
ift

ee
n 

(1
5)

 fe
et

 w
he

th
er

 c
on

ne
ct

in
g 

to
 v

er
tic

al
 o

r 
ho

r-
iz

on
ta

l p
ip

in
g.

5
B

as
ed

 u
po

n 
on

e-
fo

ur
th

 in
ch

 (
1/

4 
")

 p
er

 fo
ot

 s
lo

pe
. F

or
 o

ne
-e

ig
ht

h-
in

ch
 (

1/
4"

) 
pe

r 
fo

ot
 s

lo
pe

 m
ul

tip
ly

 h
or

iz
on

ta
l f

ix
-

tu
re

 u
ni

ts
 b

y 
a 

fa
ct

or
 o

f 0
.8

.
N

O
T

E
: T

he
 d

ia
m

et
er

 o
f a

n 
in

di
vi

du
al

 v
en

t s
ha

ll 
no

t b
e 

le
ss

 th
an

 o
ne

 a
nd

 o
ne

-f
ou

rt
h 

in
ch

es
 (

11
/4

 "
) 

no
r 

le
ss

 th
an

 o
ne

-h
al

f
th

e 
di

am
et

er
 o

f t
he

 d
ra

in
 to

 w
hi

ch
 it

 is
 c

on
ne

ct
ed

. F
ix

tu
re

 u
ni

t l
oa

d 
va

lu
es

 fo
r 

dr
ai

na
ge

 a
nd

 v
en

t p
ip

in
g 

sh
al

l b
e 

co
m

-
pu

te
d 

fr
om

 T
ab

le
s 

N
os

. 4
-1

 a
nd

 4
-2

. N
ot

 to
 e

xc
ee

d 
on

e-
th

ird
 o

f t
he

 to
ta

l p
er

m
itt

ed
 le

ng
th

 o
f a

ny
 v

en
t m

ay
 b

e 
in

-
st

al
le

d 
in

 a
 h

or
iz

on
ta

l p
os

iti
on

. W
he

n 
ve

nt
s 

ar
e 

in
cr

ea
se

d 
on

e 
pi

pe
 s

iz
e 

fo
r 

th
ei

r 
en

tir
e 

le
ng

th
, t

he
 m

ax
im

um
 le

ng
th

lim
ita

tio
ns

 s
pe

ci
fie

d 
in

 th
is

 ta
bl

e 
do

 n
ot

 a
pp

ly
.



VENTS AND VENTING

Section 501 Vents Required
Each plumbing fixture trap, except as otherwise provided in

this code, shall be protected against siphonage and back pressure,
and air circulation shall be assured throughout all parts of the
drainage system by means of vent pipes installed in accordance
with the requirements of this chapter and as otherwise required
by this code.

Sec. 502 Vents Not Required
(a) Where permitted by the Administrative Authority, vent

piping may be omitted on an inter :eptor when such interceptor
acts as a primary settling tank and discharges through a horizontal
indirect waste pipe into a secondary interceptor which is located
within twenty-five (25) feet of the primary tank. The secondary
interceptor shall be properly trapped and vented.

(b) Traps serving sinks which are part of the equipment of bars,
soda fountains and counters, need not be vented when the
location and construction of such bars, soda fountains and coun-
ters is such as to make it impossible to do so. When such conditions
exist, said sinks shall discharge by means of approved indirect
waste pipes into a floor sink or other approved type receptor.

Sec. 503 Mstorials
(a) Vent pipe shall be cast iron, galvanized steel, galvanized

wrought iron, lead, copper, brass, ABS, PVC or other approved
materials; except that no galvanized steel or galvanized wrought
iron pipe shall be used underground and shall be kept at least
six (6) inches above ground.

(b) Vent fittings shall be cast iron, galvanized malleable iron
or galvanized steel, lead, copper, brass, ABS, PVC, or other
approved materials except that no galvanized malleable iron or
galvanized steel fittings shall be used underground and shall
be kept at least six (6) inches above ground.

(c) Changes in direction of vent piping shall be made by the
appropriate use of approved fittings and no such pipe shall be
strained or bent. Burred ends shall be reamed to the full bore
of the pipe.

Sec. 504 Size of Vents
(a) The size of vent piping shall be determined from its length

and the total number of fixture units connected thereto, as set
forth in Table 4-3 of this code. In addition, the drainage piping
of each building and each connection to a public sewer or a
private sewage disposal system shall be vented by means of
one or more vent pipes, the aggregate cross-sectional area of

which shall not be less than that of the largest required building
sewer as determined from Table 4-3.

Exception: When connected to a common building sewer, the
drainage piping of two or more buildings located on the same
lot and under one ownership may be vented by means of piping
sized in accordance with Table 4-3 provided the aggregate cross-
sectional area of all vents is not less than that of the largest
required common building sewer.

(b) A vent may exceed Va of the maximum horizontal length
as limited by Table 4-3 provided the vent is increased one pipe
size for its entire length.
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Sec. 505 Vent Pipe Grades and Connections

(a) All vent and branch vent pipes shall be free from drops or
sags and each such vent shall be level or shall be so graded and
connected as to drip back by gravity to the drainage pipe it serves.

(b) Where vents connect to a horizontal drainage pipe, each
vent pipe shall be taken off above the center line of such pipe
ahead of the trap being served.

(c) Unless prohibited by structural conditions, each vent shall
rise vertically to a point not less than six (6) inches above the
flood level rim of the fixture served before offsetting horizon-
tally, and whenever two or more vent pipes converge, each such
vent pipe shall rise to a poirit at least six (6) inches in height
above the flood level rim of the plumbing fixture it serves before
being connected to any other vent. When horizontal vents are
less than six (6) inches above the flood level rim of the fixture,
the horizontal portion shall be installed with approved drainage
material.

(d) All vent pipes shall extend undiminished in size above the
roof, or shall be reconnected with the main soil or waste vent.

(e) The vent pipe opening from a soil or waste pipe, except
for water closets and similar fixtures, shall not be below the weir
of the trap.

(f) Two (2) fixtures may be served by a common vent pipe
when each such fixture wastes separately into an approved
double fitting having inlet openings at the same level.

Sec. 506 Vent Termination

(a) Each vent pipe or stack shall extend through its flashing and
shall terminate vertically not less than six (6) inches above the roof
nor less than one (1) foot from any vertical surface.

(b) Each vent shall terminate not less than ten (10) feet from
or at least three (3) feet above any window, door, opening, air
intake or vent shaft, nor less than three (3) feet in every direction
from any lot line; alley and street excepted.

(c) Vent pipes shall be extended separately or combined, of
full required size, not less than six (6) inches above the roof orfire wall. Flagpoling of vents is prohibited except where the
roof is used for purposes other than weather protection. In such
cases the vent shall extend not less than seven (7) feet above
the roof and be securely stayed.

(d) Vent pipes for outdoor installations shall extend at least
ten (10) feet above the surrounding ground and shall be securely
supported.

(e) Joints at the roof around vent pipes, shall be made water-
tight by the use of approved flashings or flashing material.
Sec. 507 Vent Stacks and Relief Vents

(a) Each drainage stack which extends ten or more stories
above the building drain or other horizontal drain, shall be served
by a parallel vent stack which shall extend undiminished in size
from its upper terminal and connect to the drainage stack at or
immediately below the lowest fixture branch. Each such vent stack
shall also be connected to the drainage stack at each fifth floor
below the uppermost fixture branch by means of a relief yoke
vent, the size of which shall be not less in diameter than either
the drainage or the vent stack, whichever is smaller.

(b) The yoke vent intersection with the vent stack shall be
placed not less than forty-two (42) inches above the floor level,
and the yoke vent intersection with the drainage stack shall be by
means of a 'wye' branch fitting placed below the fixture branch
serving that floor.
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INDIRECT WASTE PIPING, WET VENTED SYSTEMS,
AND SPECIAL WASTES

Section 601 Indirect Waste Conditions

No evaporative cooler, air washer or similar air conditioning
equipment and no cold storage room, refrigerator, cooling count-
er, compartment, receptacle, appurtenance or device which is
used, designed or intended to be used for the storage or holding
of food or drink shall have any drain pipe in connection therewith
directly connected to any soil, waste or vent pipe. Such equip-
ment shall be drained by means of indirect waste pipes as de-
fined in Chapter 1 of this code and all wastes drained by them
shall discharge through an ;.;;r break into an open floor sink or
other approved type receptor which is prsperly connected to the
drainage system.

The foregoing does not apply to any dishwashing or culinary
sink in any food preparation room, unless such receptacle is
used for soaking or washing ready-to-serve food, or to walk-in
refrigerators and combination walk-in, reach-in refrigerators used
for storage and sales of products packaged in bottles, cartons or
containers.

Sec. 602 Approvals
No plumbing fixtures served by indirect waste pipes or re-

ceiving discharge therefrom shall be installed until first approved
by the Administrative Authority.

Sec. 603 Indirect Waste Piping
Except as hereinafter provided, the size and con.,1 uction of

indirect waste piping shall be in accordance with o' ler sections
of this code applicable to drainage and vent pipi.tg. No vent
from indirect waste piping shall combine with e .y sewer con-
nected vent, but shall extend separately to the outside air.

Indirect waste pipes exceeding five (5) feet, but less than
fifteen (15) feet in length shall be directly trapped, but such
traps need not be vented. Indirect waste pipes less than fifteen
(15) feet in length need be no larger in diameter than the drain
outlet or tailpiece of the fixture, appliance or equipment served,
but in no case less than one-half (1/2) inch in size. Angles and
changes of direction in such indirect waste pipes shall be provided
with cleanouts so as to permit flushing and cleaning.

Sec. 604 Indirect Waste Receptors
(a) All plumbing fixtures or other receptors receiving the

discharge of indirect waste pipes shall be approved for the use
proposed and shall be of such shape and capacity as to prevent
splashing or flooding and shall be located where they are readily
accessible for inspection and cleaning. No stand-pipe receptor for
any clothes washer shall extend more than thirty (30) inches, nor

less than eighteen (18) inches above its trap. No trap for any
clothes washer standpipe receptor shall be installed below the
floor, but shall be roughed-in not less than six (6) inches and not
more than eighteen (18) inches above the floor. No indirect waste
receptor shall be installed in any toilet room, closet, cupboard or
storeroom, nor in any other portion of a building not in general
use by the occupants thereof; except standpipes for clothes wash-
ers may be installed in toilet and bathroom areas when the
clothes washer is installed in the same room.

(b) Where water service connections are installed for a clothes
washer, an approved method of waste disposal shall be provided.
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Sec. 605 Pressure Drainage Connections

Indirect waste connections shall be provided for drains, over-
flows or relief vents from the water supply system, and no piping
or equipment carrying wastes or producing wastes or other
discharges under pressure shall be directly connected to any part
of the drainage system.

The foregoing shall not apply to any approved sump pump
or to any approved pressure-wasting plumbing fixture or device
when the Administrative Authority has satisfied himself that the
drainage system is adequately sized to accommodate the antici-
pated discharge thereof.

Sec. 606 Food Waste Disposers

No commercial or domestic food waste disposer shall be con-
nected to any drainage system until a production prototype
thereof has first been tested and approved.

Sec. 607 Sterile Equipment

Appliances, devices or apparatus such as stills, sterilizers and
similar equipment requiring water and waste and used for sterile
materials shall be indirectly connected or provided with an air
gap between the trap and the appliance.

Sec. 608 Appliances

Appliances, devices, equipment or other apparatus not reg-
ularly classed as plumbing fixtures, which are equipped with
pumps, drips or drainage outlets, may be drained by indirect
waste pipes discharging into an approved type open receptor.

No domestic dishwashing machine shall be directly connected
to a drainage system or food waste disposer without the use of
an approved dishwasher air-gap fitting on the discharge side of
the dishwashing machine.

Sec. 609 Cooling Water
When permitted by the Department having jurisdiction, clean

running water used exclusively as a cooling medium in an appii-
ance, device or apparatus, may discharge into the drainage
system through the inlet side of a fixture trap in the event that

a suitable fixture is not available to receive such discharge. Such
trap connection shall be by means of a pipe connected to the
inlet side of an approved fixture trap, the upper end terminating
in a funnel shaped receptacle set adjacent to, and not less than
six (6) inches above, the overflow rim of the fixture.

Sec. 610 Drinking Fountains

Drinking fountains may be installed with indirect wastes.

Sec. 611 Steam and Hot Water Drainage Condensers and Sumps
(a) No steam pipe shall be directly connected to any part of a

plumbing or drainage system, nor shall any water having a
temperature above one hundred and forty degrees Fahrenheit
be discharged under pressure directly into any part of a drainage
system. Such pipes may be indirectly connected by discharging
into an open or closed condensor, or intercepting sump of ap-
proved type, that will prevent the entrance of steam or such
water under pressure into the drainage system. All closed con-
densors or sumps shall be provided with a vent, which shall be
token off the top and extended separately, full size above the
roof. All condensors and sumps shall be properly trapped at the
outlet with a deep seal trap extending to within 6 inches of the
bottom of the tank. The top of the deep seal trap shall have a 3/4
inch opening located at the highest point of the trap to serve as
a syphon breaker. Outlets shall be taken off from the side in such
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manner as to allow a water line to be maintained that will per-
manently occupy not less than one-half (1/2) the capacity of the
condensor or sump. All inlets shall enter above the water line.
Wearing plate or baffles shall be installed in the tank to protect
the shell. The sizes of the blowoff line inlet, the water outlets,
and the vent shall be as shown in Table 6-1. The contents of con-
densors receiving steam or hot water under pressure must pass
through an open sump before entering the drainage system.

(b) Sumps, condensors or intercepting tanks which are con-
structed of concrete shall have walls and bottom not less than
four (4) inches in thickness, and the inside shall be cement plast-
ered not less than one-half (1/2) inch in thickness. Condensors
constructed of metal shall be not less than No. 12 U. S. Standard
gauge (.109") and all such metal condensors shall be protected
from external corrosion by an approved bituminous coating.

(c) Sumps and condensors shall be provided with suitable
means of access for cleaning and shall contain a volume of not
less than twice the volume of water removed from the boiler or
boilers connected thereto when the normal water level of such
boiler or boilers is reduced not less than 4 inches.

TABLE NO. 6-1
Pipe Connections in Blowoff

Condensers and Sumps
Boiler Blowoff Water Outlet Vent

.3%

1

3/4

1

2
21/2

1 1/4 1 14 3
11/2 11/2 4
2 2 5

2 1/2 2 1/2 6
* To be used only with boilers of 100 sq/ft. of heating surface

or less.

Sec. 612 Chemical Wastes
(a) Chemical or industrial liquid wastes which are likely to

damage or increase maintenance costs on the sanitary sewer
system, detrimentally affect sewage treatment or contaminate
surface or subsurface waters, shall be pretreated to render them
innocuous prior to discharge into a drainage system. Detailed
plans and specifications of The pretreatment facilities may be
required by the Administrative Authority.

Piping conveying industrial, chemical or process wastes from
their point of origin to sewer connected pretreatment facilities,
shall be of such material and design as to adequately perform
its intended function to the satisfaction of the Administrative
Authority. Drainage discharge piping from pretreatment facilities
or interceptors shall conform to standard drainage installation
procedure.

(b) Each waste pipe receiving or iniended to receive the dis-
charge of any fixture in which acid or corrosive chemical is

placed and each ventilating pipe connected thereto, shall be con-
structed of chemical resistant glass, high silicon iron pipe, lead
pipe not less than one-eighth (1/8) inch wall thickness, an ap-
proved type of ceramic glazed or un-glazed vitrified clay or
other approved corrosion resistant materials.

(c) All jointing materials shall be of approved type and quality.

(d) Wherever practicable all piping shall be readily accessible
and installed with the maximum of clearance from other services.

(e) The owner shall make and keep a permanent record of
the location of all piping and venting carrying chemical waste.
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waste and vent system shall be approximately equal to one-half
(1/2) the cross-sectional area of the drain pipe served.

(d) Each waste pipe and each trap in any such system shall
be at least two (2) pipe sizes larger than the sizes required by
Chapter 7 of this code, and at least two (2) pipe sizes larger
than any fixture tail piece or connection.

(e) Unless specifically required or permitted by the Administra-
tive Authority, no vertical waste pipe shall be used in any such
system, except the tail piece or connection between the outlet of
a plumbing fixture and the trap therefor. Such tail pieces or
connections shall be as short as possible, and in no case shall
exceed two (2) feet.

(f) Cleanouts may not be required on any wet vented branch
serving a single trap when the fixture tail pieces or connection
is not less than two (2) inches in diameter and provides ready
access for cleaning through the trap.

(g) Except where permitted to discharge into a wet-vented
trailer park drainage system, no water closet or urinal shall be
installed on any such system. Other one (1), two (2) or three (3)
unit fixtures remotely located from the sanitary system and
adjacent to a combination waste and vent system may be con-
nected to such system in the conventional manner by means of
waste and vent pipes of regular sizes, providing that the two
(2) pipe size increase required in subsection (d) of this section
is based on the total fixture unit load connected to the system.

TRAPS AND INTERCEPTORS

Section 701 Traps Required

(a) Each plumbing fixture, excepting those having integral
traps, shall be separately trapped by an approved type waterseal
trap.

(b) It is provided, however, that one (1) trap may serve a
set of not more than three (3) single compartment sinks or
laundry tubs of the same depth or three (3) lavatories immediately
adjacent to each other and in the same room, if the waste outlets
are not more than thirty (30) inches apart and the trap is centrally
located when three (3) compartments are installed. The depth
requirement may be waived in the case of approved type pump
discharged fixtures or appliances.

(c) No food waste disposal unit shall be installed with any set
of restaurant, commercial or industrial sinks served by a single
trap; each such food waste disposal unit shall be connected to
a separate trap. Each domestic clotheswasher and each laundry
tub shall be connected to a separate and independent trap;
except that a trap serving a laundry tub may also receive the
waste from a clotheswasher set adjacent thereto. No clothes-
washer or laundry tub shall be connected to any trap for a
kitchen sink.

(d) The vertical distance between a fixture outlet and the trap
weir shall be as short as practicable, but in no case shall the
tail piece from any fixture exceed twenty-four (24) inches in
length.
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(f) No chemical vent shall intersect vents for other services.
(g) No chemical wastes shall be discharged into the ground,

local sewer or other means without approval of the local Admin-
istrative Authority.

(h) The provisions in this section relative to materials and
methods of construction, need not apply to minor installations
such as small photographic or x-ray dark rooms or small research
or control laboratories where minor amounts of adequately
diluted chemicals are discharged.

Sec. 613 Vertical Wet Venting

(a) Wet venting is limited to vertical drainage piping receiving
the discharge from the trap arm of 1 or 2 fixture unit fixtures that
also serves as a vent for not to exceed four (4) fixtures. All wet
vented fixtures must be on the same floor level.

(b) The vertical piping between any two consecutive inlet
levels shall be considered a wet vented section. Each wet vented
section shall be a minimum of one (1) pipe size larger than its
upper fixture inlet.

(c) Common vent sizing shall be the sum of the tixture units
served but in no case smaller than the minimum vent pipe size
required for any fixture served.

Sec. 614 Special Venting for Island Fixtures
Traps for island sinks and similar equipment shall be roughed

in above the floor and may be vented by extending the vent as
high as possible, but not less than the drainboard height and
then returning it downward and connecting it to the horizontal
sink drain immediately downstream from the vertical fixture drain.

The returned vent shall be connected to the horizontal drain
through a Y-branch fitting and shall in addition be provided with
a foot vent taken off the vertical fixture vent by means of a
Y-branch immediately below the floor and extending to the
nearest partition and thence through the roof to the open air
or may be connected to other vents at a point not less than six (6)
inches above the flood level rim of the fixtures served. Drainage
fittings shall be used on all parts of the vent below the floor level
and a minimum slope of one-quarter (1/4) inch per foot back to
the drain shall be maintained. The return bend used under the
drainboard shall be a one piece fitting or an assembly of a
forty-five (45) degree, a ninety (90) dec.ee, and a forty-five (45)
degree elbow in the order named. Pipe sizing shall be as else-
where required in this code.

Sec. 615 Combination Waste and Vent System

(a) Combination waste and vent systems shall be permitted
only where structural conditions preclude the installation of
conventional systems as otherwise prescribed by this code.

(b) Plans and specifications for each combination waste and
vent system shall be first approved by the Administrative Author-
ity before any portion of any such system is installed.

(c) Each combination waste and vent system shall consist of a
wet vented installation of waste piping as hereinafter provided in
this section in which the trap for one or more plumbing fixtures is
not separately and independently vented, and in which the waste
pipes or piping shall be provided with an adequate vent or vents
to assure free circulation of air therein, and in which any branch
more than fifteen (15) feet in length is separately vented in an
aproved manner. The area of any vent installed in a combination
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Sec. 702 Traps Protected by Vent Pipes

(a) Each plumbing fixture trap, except as otherwise provided
in this code, shall be protected against syphonage and back
pressure, and air circulation assured throughout all parts of the
drainage system, by means of a vent pipe installed in accordance
with the requirements of this code.

(b) Each fixture trap shall have a protecting vent so located
that the developed length of the trap arm from the trap weir
to the inner edge of the vent shall be within the distance given
in Table 7-1.

TABLE 7-1

Horizontal Distance of Trap Arms
(Except for water closets and similar fixtures)

Distance Trap
Trap Arm to Vent

Feet Inches
11/4 2 6
11/2 3 6
2 5 0
3 6 0
4 and larger 10 0

Slope one-fourth (1/4) inch per foot

(c) A trap arm may change direction without the use of a
cleanout when such change of direction is accomplished by the
use of not more than two (2) forty-five (45) degree fittings or
one (1) ninety (90) degree fitting of approved radius.

(d) The vent pipe opening from a soil or waste pipe, except for
water closets and similar fixtures, shall not be below the weir of
the trap. The developed length between the trap of a water closet*
or similar fixture and its vent shall not exceed six (6) feet.

* Measure from top of floor flange to inner edge of vent.

Sec. 703 Traps Described

(a) Each trap, except that for an interceptor or similar device
shall be self-cleaning. Traps for bathtubs, showers, lavatories,
sinks, laundry tubs, floor drains, hoppers, urinals, drinking
fountains, dental units and similar fixtures shall be of standard
design and weight and shall be of lead, cast iron, cast brass,
ABS, PVC or other approved materials. An exposed and readily
accessible drawn brass tubing trap, not less than 17 B & S gauge
(.045") may be used on fixtures discharging domestic sewage
but shall exclude urinals. Each trap shall have the manufacturer's
name stamped legibly in the metal of the trap and each tubing
trap shall have the gauge of the tubing in addition to the manu-
facturer's name. Every trap shall have a smooth and uniform
interior waterway.

(b) No more than one approved slip joint fitting may be used
on the outlet side of the trap.

(c) The size (nominal diameter) of a trap for a given fixture
shall be sufficient to drain the fixture rapidly, but in no case
less than given in Table 4-1. No trap shall be larger than the
trap arm to -:.1-.;ch ;t connected.

Sec. 704 Traps Prohibited
No form of trap which depends for its seal upon the action of

movable parts or concealed interior partitions shall be used. Full
"S" traps are prohibited. Bell traps are prohibited. Crown-vented
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traps are prohibited. No fixture shall be double trapped. Drum
traps may be installed only when permitted by the Administrative
Authority for special conditions. No drum trap shall be installed
without a vent.

Sec. 705 Trap Seals
Each fixture trap shall have a water seal of not less than two

(2) inches and not more than four (4) inches, except where a
deeper seal is found necessary by the Administrative Authority
for special cond.tions. Traps shall be set true with respect to
their water seals and where necessary they shall be protected
from freezing.

Sec. 706 Floor Drain Traps
Floor drains shall connect into a trap so constructed that it

can be readily cleaned and of a size to serve efficiently the pur-
pose for which it is intended. The drain inlet shall be so located
that it is at all times in full view. When subject to back flow or
back pressure, such drains shall be equipped with an approved
backwater valve.

Sec. 707 Trap Seal Protectien
Floor drain or similar traps directly connected to the drainage

system and subject to infrequent use shall be provided with an
approved means of maintaining their water seals, except where
not deemed necessary for safety or sanitation by the Administra-
tive Authority.

Sec. 708 Industrial Interceptors and Separators
(a) When RequiredInterceptors (including grease, oil and sand

interceptors, etc.) shall be provided when, in the judgment of
the Administrative Authority, they are necessary for the proper
handling of liquid wastes containing grease, flammable wastes,
sand, solids, acid or alkaline substances or other ingredients
harmful to the building drainage system, the public or private
sewer or to public or private sewage disposal.

(b) ApprovalThe size, type and location of each interceptor
or separator shall be approved by the Administrative Authority
in accordance with its standards and, except where otherwise
specifically permitted, no wastes other than those requiring
treatment or separation shall be discharged into any interceptor.

(c) DesignInterceptors for sand and similar heavy solids shall
be so designed and located as to be readily accessible for cleaning
and shall have a water seal of not less than six (6) inches.

(d) Relief VentInterceptors shall be so designed that they
will not become air bound if closed covers are used. Each inter-
ceptor shall be properly vented.

(e) LocationEach interceptor shall be so installed as to provide
ready accessibility to the cover end for servicing and maintaining
the interceptor in working and operating condition. The use of

ladders or the removal of bulky equipment in order to service
interceptors shall constitute a violation of accessibility. Location of
all interceptors shall be shown on the approved building plan.
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Sec. 709 Slaughter Houses, Packing Establishments, etc.

Every fish, fowl and animal slaughter house or establishment
and every fish, fowl and meat packing or curing establishment
and every soap factory, tallow rendering, fat rendering and hide
curing establishment, or any other establishment from which
considerable amounts of grease are likely to be discharged into
any plumbing system, sewer system or private sewage disposal
system, shall be connected to and shall drain or discharge into
a grease interceptor of an apprnuF:r1 design.

Sec. 710 Minimum Requirements for Auto Wash Rack

Every private or public wash rack and/or floor or slab used
for cleaning machinery or machine parts shall be adequately
protected against storm or surface water and shall drain or dis-
charge into a sand and grease interceptor of an approved design.

Sec. 711 Grease Interceptors

(a) When, in the judgment of the Administrative Authority
waste pretreatment is required an approved type grease inter-
ceptor complying with the provisions of this section shall be
installed in the waste line leading from sinks, drains and other
fixtures or equipment in the following establishments; restaurants,
cafes, lunch counters, cafeterias, bars and ciubs; hotel, hospital,
sanitarium, factory or school kitchens, or other establishments
where grease may be introduced into the drainage or sewerage
system in quantities that can effect line stoppage or hinder
sewage treatment or private sewage disposal. A grease interceptor
is not required for individual dwelling units or for any private
living quarters.

(b) Plans shall be submitted to and approval obtained from
the Administrative Authority prior to the installation of any
waste pretreatment facilities in any food establishment set forth
in subsection (a) of this section.

(c) No grease interceptor be installed which has an
approved rate of flow of more than fifty-five (55) gallons per
minute, except when specially approved by the Administrative
Authority, provided, however, that this prohibition shall not
apply to any grease interceptor required by Section 708, 709
and 710 of this code.

(d) No grease interceptor shall be installed which has an
approved rate of flow of less than twenty (20) gallons per minute.
Each plumbing fixture or piece of equipment connected to a
grease interceptor shall be provided with an approved type
flow control or restricting device installed in a readily accessible
and visible location in the tail piece or drain outlet of each such

fixture. Flow control devices shall be so designed that the total
flow through such device or devices shall at no time be greater
than the rated capacity of the interceptor. No flow control device
having adjustable or remove:.-,le parts shall be approved.

(e) Each grease iniulLeptui required by this section shall have
an approved rate of flow which is not less than that given in
Table 7-2 for the total number and size of fixtures connected
thereto or discharging thereinto, and the total capacity in gallons
of fixtures discharging into any such interceptor shall not exceed
two and one-half (21/2) times the certified g.p.m. flow rate of the
subject interceptor as per Table 7-2.
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It is further provided, however, that any grease interceptor
installed or located in such a manner that the inlet thereto is more
than four (4) feet lower in elevation than the outlet of any fixture
discharging into such interceptor, shall have an approved rate of
flow which is not less than fifty (50) per cent greater than that
given in Table 7-2. Not to exceed four (4) separate fixtures shall
be connected to or discharged into any one (1) grease interceptor.

For the purpose of this section, the term "fixture" shall mean
and include each plumbing fixture, appliance, apparatus or other
equipment required to be connected to or discharged into a
grease intercepter by any provi..ion of this section.

(f) Each grease interceptor shall be vented as required else-
where in this code and each fixture discharging into a grease
interceptor shall be individually trapped and vented in an ap-
proved manner, except that an approved type grease interceptor
may be used as a fixture trap for a single fixture when the
horizontal distance between the fixture outlet and the grease
interceptor does not exceed four (4) feet and the vertical tail pipe
or drain does not exceed two and one-half (21/2) feet.

(g) Each grease interceptor shall be so installed and connected
that it shall be at all times easily accessible for inspection, cleaning
and removal of the intercepted grease.

(h) Interceptors shall be maintained in efficient operating con-
dition by periodic removal of the accumulated grease. No such
collected grease shall be introduced into any drainage piping,
public or private sewer.

(i) Each grease interceptor shall be constructed of durable
materials satisfactory to the Administrative Authority and shall
have a full size gas tight cover which can be easily and readily
removed.

(j) No water jacketed grease interceptor shall be approved
or installed.

(k) Each grease irter7eptor shall nave an approved water seal
of not less than two (2) inchet. in depth or the diameter of its
outlet, whichever is the greater.

(I) No grease interceptor required by this code shall be installed
until the type or model of each size thereof has been subjected

to, and has fully complied with tests acceptable to the Admin-
istrative Authority and has been subsequently approved by same;
provided, however, that this provision need not apply to any
interceptor required by Sections 709 or 710 of this code.

(m) The Administrative Authority may require such tests as
may :.)e necessary to determine the grease collecting efficiency
of the various types and kinds of grease interceptors to establish

rate of flow or other rating thereof. Such test requirements
may be roviscd or modified from time to time a may be deemed
necessary by said Authority. A list of approved and acceptable
interceptors shall be kept on file in the office of the Administrative
Authority.

(n) No grease interceptor shall be hereafter installed which
does not comply in all respe:ts with a type or model of each
size thereof approved and accepted by the Administrative
Authority. Whenever it shall come to the attention of said
Authority that any greaF,e interceptor does not so comply, said
Authority shall immediately suspend or revoke such approval.
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TABLE 7-2 Grease Interceptors

Maximum
capacity of Required Rate Grease

Total Number fixtures of flow per Retention
of Fixtures connected, minute, Capacity,
Connected Gallons Gallons Pounds

1 50 20 40
2 65 25 50
3
4

90
125

35
50

70
100

Sec. 712 Food Waste Disposal Prohibited

Unless specifically required or permitted by the Administrative
Authority, no food waste disposal unit shall be connected to or
discharge into any interceptor.
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EXPLANATORY NOTES
ON COMBINATION WASTE AND VENT SYSTEMS

(See Section 616 for specific limitations)

Bl Combination waste and vent systems, as outlined in
Section 616 of the Installation Requirements of this code covers
the horizontal wet venting of a series of traps by means of a
common waste and vent pipe. Line sizes at least two (2) pipe
sizes larger than those required for a conventional system are
designed to maintain a wetted perimeter or flow line low enough
in the waste pipe to allow adequate air movement in the upper
portion, thus balancing the system. Sinks, lavatories and other
fixtures that rough in above the floor, should not be permitted
on a combination waste and vent system, which, at best, is
merely an expedient designed to be used in locations where it
would be structurally impractical to provide venting in the
conventional manner.

Combination waste and vent systems are intended primarily
for extensive floor or shower drain installations where separate
venting is not practical, for floor sinks in markets, demonstration
or work tables in school buildings, or for similar applications
where the fixtures are not adjacent to walls or partitions. Due
to its oversize characteristics, such a waste system is not self
scouring and consequently care should be exercised as to the
type of fixtures connected thereto, and to the location of clean-
outs. In view of its grease producing potential, restaurant kitchen
equipment should not be connected to a combination waste and
vent system.

B2 Caution must be exercised to exclude appurtenances de-
livering large quantities or surges of water (such as pumps,
sand interceptors, etc.) from combination waste and vent systems
in order that adequate venting will be maintained. Small fixtures
with a waste producing potential of less than seven and one-half
(71/2) gallons per minute may be safely assigned a loading value
of one (1) unit. Long runs should be laid at the minimum permis-
sible slope in order to keep tail pipes as short as possible. Tail
pipes should not exceed two (2) feet in length which may
necessitate slopes up to forty-five (45) degrees° on some
branches.

B3 It is essential that the pneumatics of such a system be
properly engineered as the air pressure within the line must at
all times balance that of the outside atmosphere in order to

prevent either trap seal loss or air locking between traps. Long
mains should be provided with additional relief vents located
at intervals of about one hundred (100) feet. Each such relief
vent should equal approximately one-half ('/2) of the area of
the wet vented drain served.

B4 Trap sizes are required to be equivalent to the branches
they serve [two (2) pipe sizes larger than normal] and tail pipes
between fixtures or floor drains and such traps should be
reduced to normal size.

B5 Duplicate layout drawins.); of each such proposed piping
system must be presented to the Department having jurisdiction,
and approval obtained before any installation is made. Compli-
cated layouts should be checked by qualified personnel.
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B5.1 Example of sizing: A floor drain normally requires a two
(2) inch trap and waste. On a combination waste and vent system
both the trap and waste must be increased two (2) pipe sizes
(through 21/2" and 3") which would make the trap three (3) inch,
(pipe sizes recognized for this purpose are 2", 21/2 ", 3", 31/2 ", 4",
41/2 ", 5", 6", etc.). The tail piece between the floor drain and its
trap should be two (2) inches (or normal size) to insure that
the amount of waste water entering the trap only partially fills
the waste branch. A three (3) inch floor drain would thus require
a four (4) inch trap, a four (4) inch floor drain, a five (5) inch
trap, etc., for the reasons previously stated.

Wet vented trailer park drainage systems are similar in principle
to the foregoing. It is provided, however, that a three (3) inch
trap serving a house trailer may have a three (3) inch tailpiece
when the horizontal trap branch does not exceed six (6) feet
in length, if three (3) inches in diameter; or fifteen (15) feet in
length if four (4) inches in diameter. (See also Appendix E.)

WHEN IN DOUBT CHECK WITH YOUR LOCAL ADMINISTRA-
TIVE AUTHORITY.

Battery Drainage System
A horizontal branch, soil or waste pipe, to which two (2) or

more water closets (except blow-out type), pedestal urinals, show-
er stalls, or floor drains are connected in a battery, may be vented
by a circuit or loop vent.

When lavatories or similar fixtures discharge above such
branches, each vertical branch shall be provided with a contin-
uous vent which may be connected to the circuit or loop vent of
the battery.

The circuit or loop vent of a battery drainage system shall be
installed vertically in front of the last upstream fixture. In ad-
dition, lower floor branches serving more than three (3) water
closets shall be provided with a relief vent taken off vertically
in front of the first fixture connection.

No more than eight (8) water closets may be connected to a
battery drainage system. The fixture unit value for all fixtures
shall be as listed in Table 4-1 and 4-2. The horizontal branch for
its full length to the furthest fixture shall be uniformly sized as
listed in Table 4-3, based on the total number of fixtures.

The vent of a battery drainage system shall be sized for the
fixture unit demand of the battery system according to Table 4-3
based on the total number of fixtures. The relief vent may be
wet vented with a fixture drained vertically into the battery drain-
age system, such vent shall be the same size as the circuit vent
it intersects.

All vents shall rise vertically to six (6) inches above the flood
level of the highest fixture on the system.
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CHAPTER 10

WATER DISTRIBUTION SYSTEMS

This Chapter will discuss the piping systems within the building which
convey the cold water from the water service to the fixture or the point
of its use, and the hot water from its heater.

The Plumbing Inspector is concerned with this system particularly, as it
can be a source of contamination if improperly installed; poor workman-
ship may lead to frequent shutdowns with consequent inconvenience or
health hazards.

Where two systems of water supply are provided, one potable and the
other not potable, or contaminated, special care must be taken to prevent
the two from becoming mixed through the probability of a cross-connection.
Laboratories usually have two or three types of water being piped to point
of use. Where water is scarce potable and non-potable water will both
be provided.

If the pressure in the incoming water supply to the building is not ade-
quate to furnish the required pressure at the highest fixture, then
usually pumps are required to increase the pressure to the upper floors of
a multi-story building. This is discussed more fully later in this chapter.

Water supply systems that are properly installed and designed will supply
an adequate amount of water at the proper pressures to each point of use,
and is quiet in operation, without water hammer, or rushing and rattling
sounds.

The first consideration for the Plumber is to organize his work, the same
as in other parts of the plumbing systems. The Plumbing Inspector should
insist that the Plumber be aware of the locations of electrical conduit,
fire sprinkler system or other building components which may interfere
with the proper installation of his work. The layout of the work on the
project in cooperation with other crafts is important so that good rela-
tions can be maintained and the ultimate goal of a well planned and
successful plumbing system is reached.

The plans and specifications provided for the project may have taken
months or even years to prepare; during this time many changes will have
been made and many compromises will have been incorporated, either because
of economic considerations or functional reasons. Several engineers and
draftsmen will have worked on the project and experienced engineers will
have checked each detail. The information needed by the Plumber is shown
on the plans or defined in the specifications. This will include the
kinds of pipe and fittings to be used and their sizes; locations of each
pipe, fixture, and piece of equipment; kinds of supports and limitations

-153-



for their use. The set of plans and specifications will also include the

separate sections for the structural, architectural, electrical, fire
sprinkler, and any other units which are to be incorporated in the

finished building.

Coordination of the plumbing systems with the other elements is the
responsibility of each craft if the project is to be successfully com-
pleted. A single thin line on the 1/4 inch scale drawing may graphically
represent an 8 inch water pipe. The Plumber and the Inspector must be
certain that the pipe will fit into the space designated for it. The

Plumber is not too concerned with the design of the systems on larger
projects, but he is vitally concerned with the layouts.

After, or even before the Plumber has set up the physical location for
the storage of his materials and tools, he will be busy acquainting him-
self with the plans and making sketches for his own use.

On larger jobs, particularly reinforced concrete construction, a "canning"
or sleeving plan must be prepared showing the exact position of each

opening through the deck or wall for each floor. These must then be set

in place before the concrete is poured. The same is true for hangers or

inserts required to support the pipes. If this work is not carefully
done, it may require that extra expense be incurred to remedy the defect

later. This subject is treated more in detail in Chapter 5, Hangers,
supports and Anchors.

The Plumbing Inspector may frequently be consulted during the layout
phase because of possible conflicts among the crafts regarding priority
for Lite piping in the allocated spaces. Water piping should be installed

so that the entire system can be drained. We speak of the system piping
as running horizontally when actually there should be a slope to the low

points to facilitate drainage; a valve is provided at this point. Fre-

quently, on small jobs where freezing is not a problem, the slope for

drainage is omitted. It is still good practice, however, to consider
maintenance and drainage. Pipes should be run parallel to, or at right
angles to the building for appearance; bends and dips should be avoided
in order not to have air pockets and sediment traps. The piping should
be well supported and not rest on other piping or ductwork. Allowance

should be provided between the pipe and its support for movement. All

buildings are subject to some movement, due to expansion and contraction,
settlement or even wind pressure in some areas. Where noise may be
transmitted through the supports it may be necessary to provide a damp-
ening material such as felt or a rubber grommet between the pipe and the

supports. Pipes should not be encased in concrete nor plaster. Raceways

should be provided.
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The Plumbing Inspector must be alert to those things which can cause
trouble for the Owner in the future. It is not his responsibility to
check all design areas and calculations, but he should have a general
knowledge of the adequacy of various parts of the plumbing system.

Pipes can fail because of defective material at the time of manufacture;
unrelieved stresses during installation; poorly made up joints and con-
nections; building or floor movements due to any reason; freezing in the
colder climates and destructive pressures due to water hammer.

If a leak occurs in a pipe for any reason, it can cause severe damage to
the building and its contents; if it occurs above a ceiling or in the
wall, it may ruin the plaster, or if it occurs when the building is un-
occupied the results can be disastrous. The economic loss resulting from
the water wasted to the sewer or ground where the leak is undetected can
be considerable, based on the cost for water. The value of shutoff
valves strategically located becomes apparent when it is necessary to
isolate a portion of the piping.

The problem of noise due either to water flowing through the pipes at a
high velocity, water hammer, cavitation, or transmitted noise from pumps,
flushing of fixtures, or vibration, are all annoying and may even lead to
leaky or broken pipes.

The location of the source of the noise is often troublesome. Sound

travels rapidly through the pipes, or building frame and may be annoying
many feet away from where it is generated.

When the noise is generated by valves or equipment which emit a hissing
sound the remedy is usually found in replacing the valve or equipment; a
loose washer is often the culprit in small faucets. The slow closing of
regulating valves produces a piercing sound that travels a great distance.

Water hammer produces a banging noise; it is usually caused when valves
or faucets are suddenly closed, either automatically, as a solenoid
valve or manually, where the valves are of the quick closing type. Since
water is practically incompressible, the abrupt stopping sets up a shock
which travels back and forth along the pipe until it is finally damped
out. The force is sufficiently great so that it Aay loosen pipe joints
or even burst the pipe, as it vibrates along the walls of the pipe.

Water hammer can be controlled or prevented by the installation of an air
chamber or shock absorber near the valve that is causing the water hammer.
It should be installed vertically, so that entrapped air will rise to
that point. The intensity of the pressure varies directly with the vep-
city of flow in the pipe. For this reason the installation of a pressure
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reducing valve on the supply will control the velocity and the intensity
of pressure. The use of large sized pipes will also control the inten-
sity of the "hammer."

When the air chamber becomes water logged it is necessary to drain the
water out and recharge it, usually by opening petcocks at the bottom and
top of the chamber. A shutoff valve must be provided so that the water
supply cannot reach the air chamber during the recharging period. To be
effective, an air chamber must be of adequate size, usually not less
than 18 inches; where a bank of toilets or urinals are installed a 2 or
3 inch diameter water supply header is provided with a full size air
chamber 2 to 3 feet long is frequently installed; most large installa-
tions are provided with shock absorbers which are rated by the manufacturer.

The turbulence and rushing sounds often heard in a water system are
usually due to high velocities or abrupt changes in direction; lower
velocities in the pipe lines and smoother fittings will usually remedy
the problem.

Freezing of water in pipes is a problem in cold climates, where the
piping is exposed to temperatures below 32 F. for a period of time. It

takes time for the surrounding air to remove heat from the water and pipe.
A cold snap of short duration may not freeze, but a longer period with a
milder temperature will cause freezing.

Water expands on freezing about 8% of its volume, and it is this increase
which causes the pipe to bLr.st. If the water is not confined, the excess
pressure due to freezing will push the ice along and damage to the pipe
may not occur until an obstruction such as a valve or fitting stops it.

Where freezing conditions are known to exist, pe pipes should be located
in inside partitions, or temperatures above 32 F. should be maintained
when the building is unoccupied; if this cannot be done, the pipes should
be drained. Insulation of pipes in unheated spaces and where exposed in
attics should also be done as a precaution, even if freezing is an in-
frequent occurrence.

When pipes become frozen they can be thawed if made accessible by heating
the pipe by electrical means, open flame, or by pouring hot water on the
pipe. If an electrical means is used it should be done by an experienced
person, or it can be extremely dangerous. There are electric heat cables
on the market which are reasonably safe to use on small jobs. A method
used on longer lengths of frozen pipe involves the use of an electric
welding machine where a terminal is connected to the pipe on each side of
the frozen portion. Freezing often occurs during the construction phase
when the building is unheated and open to chilly winds. Since ice will
move along the pipe until it is stopped by a valve or fitting, the
thawing must be done where the ice is located and not at the exposed
point where freezing took place.
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If a fitting or pipe is damaged by the freeze, then replacement becomes
necessary; it is better to anticipate such trouble and prevent it or at
least recognize the risk involved.

Materials for the water systems in a building are determined by the de-
sign engineer and shown on the plans or specified. The selection is
generally based on local code requirements, the use, and the amount of
money available. An expensive building will have higher quality mater-
ials than a temporary structure. The economics is usually the Owner's
decision in cooperation with his advisors. Usually the water supply will
be copper tubing, either type K or L, with copper or brass fittings and
soldered joints, or schedule 40 galvanized pipe with galvanized screw
fittings. Shutoff valves, where no regulation is required are gate valves.
In places where the flow is to be controlled globe valves or balance
cocks are specified. A check valve is used where the water is permitted
to flow in only one direction. If the pressure is to be reduced, then a
pressure reducing valve is used. Valves which are automatically con-
trolled generally are equipped with globe type bodies. Materials are
more fully discussed in Chapter 4, Pipe, Fittings and Valves.

Cross Connections: The Plumbing Inspector must be alert to the existence
of a connection which can be the potential source of contamination of the
drinking water, or that water fit for human consumption. A definition is
formalizeG in the back of the book under DEFINITIONS. If contamination
occurs typhoid fever, dysentery, or even cholera are diseases which can
be transmitted in this manner. The first evidence of contamination is
illness. The cross connection may be direct, if an actual connection is
made, or it may be indirect if there is a gap or space across which
polluted water can be blown, sucked, or otherwise gets into the drinking
water supply.

The most common source is due to back siphonage; when the pressure in the
water system falls below atmospheric pressure of 14.7 psi at sea level.
then a partial vacuum occurs and air or liquid can be forced into the
system through any open water outlet. This could occur, for instance,
if a hose were left dangling in a service sink while connected to an open
faucet. If the water pressure should drop below 14.7 psi (sea level) and
the end of the hose were submerged, then atmospheric pressure on the con-
taminated water could force this water into the supply pipe; the extent
of it would depend on the pressure, or lack of it, in the supply lines.
This could occur, for instance, if the building supply is shut off, and a
faucet is opened on a lower floor which would create the negative pressure
(less than atmospheric). Water would then be siphoned or pushed into
the pipe.
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Back flow is caused by a direct connection to a contaminated source
which is at a higher line pressure than the potable supply. The polluted
supply is forced into the main against the lesser pressure.

Sometimes a mechanical break in the piping will allow contamination to
take place by gravity flow. This is particularly true when underground
services are being repaired or installed and a leaky sewer line or septic
leaching field is nearby.

Since the plumbing codes are concerned with health and safety all require
preventive devices or installation practices which will preclude the pos-
sibility of a cross connection. Proper maintenance and repair of systems
after installation is also necessary. Public Health Inspectors are al-
ways on the alert for violations when inspecting markets, restaurants,
hospitals, or any areas of this type.

Preventive devices may consist of an air gap, as a faucet above the over-
flow rim of a fixture, or a fitting which has openings on the side that
constitute an air gap; atmospheric vacuum breakers are used at fixtures
to break the vacuum; such a unit might be installed at the faucet to
which a hose is connected for washing garbage cans. Flushometer valves

are also equipped with vacuum breakers. A vacuum breaker of the pressure
type will withstand normal operating pressures of the water system; such
a type might be installed on a water cooler. It must be installed above
the rim of the fixture.

Where there is a possibility of backflow under pressure twin check valves
are often used; a connection between a fire line and the domestic supply
might be connected in this manner. Usually the fire line or any such
connection will not lead to contamination. Other such devices are avail-
able; some are quite sophisticated in construction and expensive. The
safeguards used are determined by the types of systems being installed.
Laboratories, for instance, may have contaminants that require special
treatment to guard the health of the employees.

Pressure Systems: The pressure head loss is 4.3 psi for each 10 foot
elevation of the building. Tall buildings must be equipped with a means
of increasing the pressure in the lines to reach the highest point and
still have adequate pressure required for the fixtures. The pressure in
the incoming main is normally 45 to 60 psi, so pressure pumps are used to
boost this pressure the required amount. This is a preferred method to
elevated storage tanks and does not require the extra weight of the tank
and water on the roof. This has been made possible by the improvement in
the design of multiple stage and variable speed pumps. A multiple pump
system can be designed to accommodate a maximum flow required at peak
hours, to weekend use when only an occasional fixture is used. The
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smaller pump in the system, or "jockey" pump runs at minimum flows. Pres-

sure sensitive switches activate the pumps in a predetermined manner as
the pressure drops in the mains. As the demand becomes too great for
one pump additional pumps are activated. In 20 or 30 story buildings pump
stations may be located on 2 or 3 upper floors, depending on the design
characteristics of the building plumbing system. Frequently, pressure
reducing valves are installed on both the hot and cold water lines on
upper floors to reduce the pressure from 80 to 90 psi or higher to 30 to
40 psi for use at the fixtures.

A recent development is the variable speed pump which pumps more water
within desired pressure limits as the demand increases. Pressure sen-

sitive switches are programmed to increase the motor speed and consequent
horsepower as required. Multiple use of these pumps can also be made.

Some design engineers still specify the hydropneumatic tank as a means of
providing adequate pressure. Usually dual pumps are used, but the pumps
operate less frequently because the air cushion in the tank smooths out
the pressure available. It has the added advantage of storage, the amount
depending on the building area and water demand. In larger buildings it
may have a cubic capacity of 3000 to 5000 gallons, half to two-thirds
filled with water and a cushion of air on top of the water. The fire
line may also be connected to the tank and thus an emergency supply of
water is available in case the water source is cut off.

The pumps introduce water into the tank under pressure; this compresses
the air in the tank, thus increasing the pressure on the water in the
tank. Since the water will absorb air to a certain extent, depending on
the pressure, a small air compressor is provided to replenish the air in
the tank. Usually the air occupies about 1/3 of the volume of the tank
at the maximum water pressure desired. The tank should be equipped with
a pressure relief valve to avoid excessive pressure in the event of a
malfunction of the controls. A guage glass provides a visual check of
the amounts of air and water in the tank. The pumps and the air com-
pressor are controlled by pressure sensitive devices which actuate the
motor controls.

Hot Water Supply: The information given regarding the cold water distri-
bution system and materials is also applicable to the hot water system.
The hot water system should provide an adequate supply at the temperature
desired for the particular fixture or piece of equipment. The temperature
requirements can vary grsatly, from an average of 120 F. to 130 F. for
ordinary purposes to 180 F. for the rinse cycle on a dishwasher.

Small buildings generally are supplied by a non-continuous system where
the distance from the source to the fixture is short and the temperature
is not critical. Large buildings generally require continuous circulation
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where a small pump in the return :Alte at the heater will keep the water
in motion in the pipe. Gravity ci:(ulation is also used occasionally
where it is possible to have the re.Lurn or returns drop from a higher
elevation to the heater. Air reliel' valves must be provided at the high
points of the gravity system.

It is important that the pressures :n the cold water and hot water lines
be approximately equal at each faucet. In order to accomplish this, the
pipe sizing may be different. A sudden demand for cold water, as at a
urinal, may cause the cold water pressure to drop and allow hot water in-
to the cold water pipes, unless a check valve is provided in the hot
water line.

Buildings which do not require a large amount of hot water generally are
supplied by the electric storage water heater, or the gas fired storage
water heater. Both are equally effective in heating water to a desired
temperature, storing it, and automatically controlling the energy source
when the water reaches the desired temperature. The water can be cir-
culated through the piping system, either by gravity, or forced, with
either heater. Since the gas-fired heater requires a vent, its location
is more restricted.

Local plumbing codes require safety devices to protect against explosion
of the heater or rupture of the water lines. This may be severe enough
to cause loss of life, or at least severe property damage. The safety
devices are necessary because water expands when heated. If the system
is closed, which most are, the pressure increases. A pressure relief, or
a combination pressure and temperature relief must be placed on the
heater so that it is affected by the top 12% of the tank water supply,
with the element in the tank. No check valve nor shutoff valve shall be
installed between the heater and the safety device. The discharge from
the relief must be connected to a pipe which runs to an indirect waste.

Heaters which are used in commercial application may need to meet spec-
ial job temperatures or volumes of water. They generally are of heavier
construction, have higher heat inputs and have larger tank sizes or aux-
iliary storage capacity. All heaters must meet safety standards set up
by regulatory agencies. Most codes designate the standards which must
be met or the emblems must be clearly visible on the appliance. Gas-

fired water heaters bear the American Gas Association (AGA) emblem, and
electric water heaters have the Underwriters Laboratories (UL) seal of
approval. The American Society of Mechanical Engineers (ASME) provide
inspection service for all sizes of pressure vessels used for water
storage.
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WATER DISTRIBUTION

Section 1001 Running Water Required

Except where not deemed necessary for safety or sanitation
by the Administrative Authority, each plumbing fixture shall be
provided with an adequate supply of potable running water
piped thereto in an approved manner, so arranged as to flush
and keep it in a clean and sanitary condition without danger of
backflow or cross-connection. Water closets and urinals shall be
flushed by means of an approved tank or flushometer valve.

Sec. 1002 Unlawful Connections

(a) No installation of potable water supply piping or part
thereof shall be made in such a manner that it will be possible
for used, unclean, polluted or contaminated water, mixtures or
substances to enter any portion of such piping from any tank,
receptacle, equipment or plumbing fixture by reason of back
siphonage, by suction or any other cause, either during normal
use and operation thereof or when any such tank, receptacle,
equipment or plumbing fixture is flooded, or subject to pressure
in excess of the operating pressure in the hot or cold water
piping.

(b) No person shall make a connection or allow one to exist
between pipes or conduits carrying domestic water supplied by
any public or private water service system, and any pipes,
conduits or fixtures containing or carrying water from any other
source or containing or carrying water which has been used for
any purpose whatsoever, or any piping carrying chemicals,
liquids, gases, or any substances whatsoever, unless there is
provided an approved backflow prevention device.

(c) No plumbing fixture, device or construction shall be in-
stalled or maintained or shall be connected to any domestic
water supply, when such installation or connection may provide
a possibility of polluting such water supply or may provide a
cross-connection between a distributing system of water for
drinking and domestic purposes and water which may become
contaminated by such plumbing fixture device or construction
unless there is provided an approved backflow prevention device.

(d) No water piping supplied by any private water supply
system shall be connected to any other source of supply without
the approval of the Administrative Authority, Health Depart-
ment or other department having jurisdiction.

Sec. 1003 Cross-Connection Control
No person shall install any water operated equipment or

mechanism, or use any water treating chemical or substance, if
it is found that such equipment, mechanism, chemical or sub-
stance may cause pollution of the domestic water supply. Such
equipment or mechanism may be permitted only when equipped
with an approved backflow prevention device.

Approval of Devices Before any device is installed for the
prevention of backflow or back siphonage, it shall have first
been approved by the Administrative Authority. Devices shall
be tested in conformity with recognized standards or other
standards acceptable to the Administrative Authority which are
consistent with the intent of this code.
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All devices installed in a potable water supply system for
protection against backflow shall be maintained in good work-
ing condition by the person or persons having control of such
devices. The Administrative Authority or other department having
jurisdiction may inspect such devices and, if found to be defec-
tive or inoperative, shall require the repair or replacement there-
of. No device shall be removed from use or relocated or other
device substituted, without the approval of the Administrative
Authority.

(a) Water Closet Flushometer Valves shall be equipped with
an approved vacuum breaker. Each such device shall be in-
stalled on the discharge side of the flushometer valve with the
critical level at least six (6) inches above the overflow rim of
the bowl.

(b) Water Closet and Urinal Tanks shall be equipped with an ap-
proved ball-cock. The ball-cock shall be installed with the critical
level at least one (1) inch above the full opening of the overflow
pipe. In cases where the ball-cock has no hush tube, the bottom
of the water supply inlet shall be installed one (1) inch above the
full opening of the overflow pipe. Water closets having any por-
tion of the tank below the flood level rim of the closet bowl shall
have the ball-cock installed in a separate and isolated compart-
ment of the tank, or other approved protection acceptable by the
Department.

(c) Urinal Flushometer Valves. Urinals when served by a flusho-
meter valve shall be equipped with an approved vacuum breaker
installed on the discharge side of the flushometer. The critical
level shall be not less than six (6) inches above the highest part
of the fixture.

(d) Over Rim Supplies to Plumbing Fixtures shall be at least
one (1) inch above the flood level rim of the fixture.

(e) Direct Connections Between Potable Water Piping and Sewer
Connected Wastes shall not exist under any condition with or
without backflow protection. Where potable water is discharged

to the drainage system it shall be by means of an approved air
gap of two (2) pipe diameters of the supply inlet, but in no
case shall the gap be less than one (1) inch. Connection may be
made to the inlet side of a fixture trap provided that an approved
vacuum breaker is installed not less than six (6) inches above the
flood level rim of such trapped fixture, so that at no time will any
such device be subjected to any back pressure.

(f) No Potable Water Piping shall be installed or maintained
within any piping or device conveying sewage, wastes or other
materials hazardous to health and safety.

(g) Inlets to Tanks, Vats, Sumps and other Receptors when
protected by an approved vacuum breaker shall have such
device installed on the discharge side of the last valve with
the critical level not less than six (6) inches above the over-
flow rim of such equipment. Water supply inlets not protected
by vacuum breakers shall be installed not less than two (2)
pipe diameters, but in no case less than one (1) inch above
the overflow rim of such tank, vat, or similar equipment.

(h) Lawn Sprinkling Systems shall be equipped with an ap-
proved vacuum breaker installed on the discharge side of each
of the last valves. The vacuum breaker shall be installed at
least six (6) inches above the surrounding ground and above
a sufficient number of heads so at no time will the vacuum
breaker be subjected to back pressure or drainage.
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(i) Fixture Inlets or Valved Outlets With Hose Attachments which
may constitute a cross-connection shall be protected by an ap-
proved backflow prevention device or by an approved vacuum
breaker installed at least six (6) inches above the highest point
of usage and located on the discharge side of the last valve. Fix-
tures with integral vacuum breakers manufactured as a unit
may be installed in accordance with their approval requirements.

(j) Medical, Therapeutic, Surgical, Mortuary or similar equip-
ment shall have all water outlets protected by approved vacuum
breakers on the discharge side of the last valves and installed
not less than five and one-half (51/2) feet above the floor, and
at no time less than thirty-six (36) inches above any fixture or
equipment served, unless such vacuum breaker is an integral
part of the fixture or equipment having an approval as a unit,
and provided the "unit" vacuum breaker will not be subjected
to back pressures under any condition.

(k) Water Cooled Compressors, Degreasers or any other Water
Cooled Equipment shall be protected by an approved vacuum
breaker installed ahead of the equipment on the discharge side
of the last valve and at least six (6) inches above the highest
point reached by any water passing through or discharging from
such equipment.

Equipment subject to continuous flows for periods of more than

twelve (12) hours shall be provided with an approved "pressure
type" vacuum breaker installed at least twelve (12) inches above
the highest point reached by any water passing through or dis-
charging from such equipment.

Exception: When in the opinion of the Administrative Authority
no hazard to the potable water supply system is evident, special
approval may be obtained to omit the vacuum breakers.

(I) Aspirators shall not be directly connected to a sewer con-
nected waste pipe, but may be connected to the inlet side of a
trap and shall be equipped with an approved vacuum breaker
installed at least six (6) inches above the aspirator unit. The
discharge pipe from the aspirator unit shall be designed for
free flow and shall discharge through an approved air gap. The
length of such discharge pipe or tube from the aspirator shall
at no time exceed twelve (12) inches.

(m) Vacuum Breakers for Hot Water Over 160° shall be of
approved type designed to operate at temperatures of one hun-
dred sixty (160) degrees F or more without rendering any portion
of the device inoperative.

(n) Steam and Steam Boiler Connections shall be protected
by an approved backflow prevention device as set forth in sub-
section (o) of this section.

(o) Non-potable Water Piping. In cases where it is impractical
to correct individual cross-conections on the domestic water line,
the line supplying such outlets shall be considered a non-potable
water line. No drinking or domestic water outlets shall be con-
nected to the non-potable water line. Backflow or back-siphonage
from the non-potable water line into the domestic water line
shall be prevented by the installation of a gravity tank or by a
tank having a pump for desired non-potable water. The domestic
water inlets to the non-potable water tank shall have an ap-
proved air gap as required elsewhere in this chapter. Where it
is impractical to install tanks, as set forth above, an approved
pressure type backflow or back-siphonage prevention device
shall be installed as follows:
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Where reverse flow due only to gravity or a vacuum within
the line can occur, an approved pressure type vacuum breaker
unit or other approved backflow prevention device shall be
installed in the supply line.

Each pressure type vacuum breaker unit shall be installed
at a height of at least twelve (12) inches above the highest
tank, equipment or point of usage of the non-potable water.
Other approved backflow prevention devices shall be installed
in a manner satisfactory to the Administrative Authority, but
in no case less than twelve (12) inches above the surrounding
ground or floor.

Where backflow can occur due to steam boilers, pumps, etc.,
creating a higher pressure in the non-potable water line, an

approved backflow prevention device shall be installed in the
supply line. Such backflow prevention device shall be installed
at least twelve (12) inches above the surrounding ground or
floor.

Whenever possible, all portions of the non-potable water
line shall be exposed and all exposed portions shall be prop-
erly identified in a manner satisfactory to the Administrative
Authority. Each outlet on the non-potable water line which
may be used for drinking or domestic purposes shall be
posted: DANGER UNSAFE WATER.

(p) Vacuum breakers shall be located outside any enclosure or
hooded area containing fumes that are toxic or poisonous.

Sec. 1004 Materials
(a) Water pipe and fittings shall be of brass, copper, cast iron,

galvanized malleable iron, galvanized wrought iron; galvanized
steel, lead or other approved materials. Asbestos-cement, PE, or
PVC water pipe manufactured to recognized standards may be
used for cold water distribution systems outside a building. All
materials used in the water supply system, except valves and
similar devices shall be of a like material, except where other-
wise approved by the Administrative Authority.

(b) Cast iron fittings up to and including two (2) inches in
size, when used in connection with potable water piping shall
be galvanized.

(c) All malleable iron water fittings shall be galvanized.

(d) Piping and tubing which has previously been used for any
purpose other than for potable water systems shall not be used.

Sec. 1005 Valves

(a) Valves up to and including two (2) inches in size shall be
brass or other approved material. Sizes over two (2) inches may
have cast iron or brass bodies. Each gate valve shall be a full-
way type with working parts of non-corrosive material.

(b) A fullway gate valve controlling all outlets shall be in-
stalled on the discharge side of each water meter and on each
unmetered water supply. Water piping supplying more than
one building on any one premises shall be equipped with a
separate fullway gate valve to each building, so arranged that
the water supply can be turned on or off to any individual or
separate building; provided however, that supply piping to a
single family residence and building accessory thereto, may
be controlled by one valve. Such shutoff valves shall be readily
accessible at all times. A fullway valve shall be installed on
the discharge piping from water supply tanks at or near the
tank. A fullway valve shall be installed on the cold water supply
pipe to each water heater at or near the water heater.
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A fullway gate valve shall be installed for each apartment or
dwelling of more than one (1) family. In lieu of the main supply
shut-off in each apartment individual shut-off valves may be
provided at each fixture.

(c) All valves used to control two (2) or more openings shall
be fullway gate valves or other approved valves designed and
approved for the service intended.

(d) A control valve shall be installed immediately ahead of
each water supplied appliance and immediately ahead of each

Islip joint or non-metallic fixture supply or appliance supply.

(e) All required shutoff or control valves shall be readily
accessible.

(f) A single control valve shall be installed on a water supply
line ahead of any automatic metering valve which supplies a bat-
tery of fixtures.

Sec. 1006 Gravity Supply Tanks

Gravity tanks for potable water shall be tightly covered, and
have not less than a sixteen (16) square inch overflow screened
with copper screen having not less than fourteen (14) nor more
than eighteen (18) openings per linear inch.

Sec. 1007 Water Pressure, Pressure Regulators and
Pressure Relief Valves

(a) Inadequate Water Pressure. Whenever the water pressure
in the main or other source of supply will not provide a water
pressure of at least fifteen (15) pounds per square inch, after
allowing for friction and other pressure losses, a tank and pump
or other means which will provide said fifteen (15) pound
pressure shall be installed.

(b) Excessive Water Pressure Where local water pressure
is in excess of eighty (80) pounds per square inch, an approved
type pressure regulator preceded by an adequate strainer shall
be installed and the pressure reduced to eighty (80) pounds per
square inch or less. For potable water services up to and includ-
ing 11/2" regulators, provision shall be made to prevent pressure
on the building side of the regulator from exceeding main sup-
ply pressure. Approved regulators with integral by-passes are
acceptable. Each such regulator and strainer shall be accessibly
.located and shall have the strainer readily accessible for cleaning
without removing the regulator or strainer body or disconnecting
the supply piping. All pipe size determinations shall be based
on eighty (80) per cent of the reduced pressure.

(c) On any water system provided with a pressure regulating
device or check valve at its source or any water system con-

taining water heating equipment shall be provided with an
approved, listed, adequately sized pressure relief valve.

(d) Each pressure relief valve shall be an approved automatic
type with drain, and each such relief valve shall be set at a
pressure of not more than one hundred fifty (150) pounds
per square inch.

UPC -73
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(e) Relief valves located inside a building shall be provided
with a full size drain of galvanized steel or hard drawn copper
piping and fittings and shall extend from the valve to the out-
side of the building with the end of the pipe not more than two
(2) feet nor less than six (6) inches above the ground and point-
ing downward. Such drain may terminate at other approved lo-
cations. No part of such drain pipe shall be trapped and the
terminal end of the drain pipe shall not be threaded.

(f) Any water heating device connected to a separate storage
tank and having valves between said heater and tank shall be I
provided with an approved water pressure relief valve.

(g) Nothing contained herein shall prevent the use of an
approved combination temperature and pressure relief valve.
Each such approved combination temperature and pressure relief
valve shall be installed on the water heating device, in an
approved location based on its listing requirements and the
manufacturer's instructions. Each such combination temperature
and pressure relief valve shall be provided with a drain as
required in Subsection (e) of this section.

Sec. 1008 Installation, Inspection and Testing

(a) Installation. All water piping shall be adequately sup-
ported to the satisfaction of the Administrative Authority. Burred
ends shall be reamed to the full bore of the pipe. Changes in
direction shall be made by the appropriate use of fittings, except
that changes in direction in copper tubing may be made with
bends having a radius of not less than six (6) diameters of the
tubing, providing that such bends are made by the use of form-
ing equipment which does not deform or create a loss in cross
sectional area of the tubing. Approved provisions shall be made
for expansion in hot water piping. All piping, equipment, appur-
tenances and devices shall be installed in a workmanlike man-
ner in conformity with the provisions and intent of the code.

(b) Water service pipes or any underground water pipes,
shall not be run or laid in the same trench with non-metallic
building sewer or drainage piping, except as provided in this
section.

The water service pipe may be placed in the same trench
with such building drain and building sewer provided both of
the following conditions are met:

(1) The bottom of the water service pipe, at all points, shall
be at least twelve (12) inches above the top of the
sewer line.

(2) The water service pipe shall be placed on a solid shelf
excavated at one side of the common trench.

(c) Water piping installed within a building and in or under
a concrete floor slab resting on the ground shall be installed in
accordance with the following requirements:

(1) Ferrous piping shall have a protective coating of an
approved type, machine applied and conforming to
recognized standards. Field wrapping shall provide
equivalent protection and is restricted to those short
sections and fittings necessarily stripped for threading.
Zinc coating (galvanizing) shall not be deemed adequate
protection for piping or fittings. Approved non-ferrous
piping need not be wrapped.

(2) Copper tubing shall be installed without joints where
possible. Where joints are permitted, they shall be
brazed and fittings shall be wrought copper.

UPC-73
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Fig. 10-3 Typical Hyaropneumatic Water Pressure System
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SIZES OF AIR CHAMBERS FOR REDUCING
WATER-HAMMER PRESSURES

(Air Chamber Sizes in Cubic Inches)

Length

of Pipe

Nominal Pipe Diameter

3/4" 1" 11/2'

Water Velocity in Feet Per Second

10 15 10 15 5 10 15 5 0 15 I 51 101 15

For Flow Pressure of 15 lbs. per Sq. Inch

25
50

100
200
500

2
3
5

10
25

5
10
20
40

100

12
22
44
88

215

3
5

10
18
42

10
17
35
68

170

20
38
76

152
380

4
7

13
25
62

13
25

100
250

28
56

112
225
560

7
14
28
56

140

28
56

112
225
562

64
127
253
506

1260

13
25
50

100
250

50
100
200
400

1000

113
225
450
900

2250
For Flow Pressure of 30 lbs. per Sq. Inch

25
50

100
200
500

3
4
8

16
40

8
16
32
62

150

18
35
70

140
346

4
7

14
27
58

14
27
54

108
270

30
60

120
240
600

5
10
20
40

100

20
40
80

160
400

45
90

180
360
900

12
24
45
90

225

45
90

180
360
900

100
202
405
810

2025

20
40
80

160
400

80
160
329
640

1600

180
360
720

1440
3600

For Flow Pressure of 60 lbs. per Sq. Inch

25 4 15 33 7 26 58 10 38 85 22 85 190 38 150 340
50 8 30 65 13 50 115 19 75 170 42 170 380 75 300 675

100 15 60 130 26 100 230 38 150 338 85 340 760 150 600 1350
200 ... 30 105 260 50 200 450 75 300 665 170 675 1520 300 1200 2700
500 74 290 645 125 500 1135 188 750 1640 420 1690 3800 750 3000 6700

One means of controlling water hammer is by
providing an air chamber adjacent to the point
of sudden shut-off, where a cushion of air can
absorb the shock of the water hammer. Rec-
ommended sizes for the air chamber type of
shock absorber are shown.

After a period of time, the air in a chamber
may become absorbed by water filling the
chamber completely. When the chamber be-
comes "waterlogged" in this way, it cannot
protect against water hammer until after the
water has been drained and air readmitted to
the chamber.

There are several other types of manufactured
shock absorbers which mechanically prevent
water hammer by means of a bellows, piston,
or diaphragm. These latter devices have the
advantage of never becoming waterlogged.

Fig. 10-4 Sizes of Air Chambers for Reducing
Water-Hammer Pressures
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1. Before installation, the bellows are held in a full
compressed position by pressurized gas in the upper
part of the chamber.

2. After installation, normal line pressure slightly ex-
tends and flexes the bellows until the pressure inside
and outside the bellows is equal.

3. When hydrostatic shock occurs, the suddenly in-
creased pressure in the line instantly extends the bel-
lows thereby absorbing the shock. After shock, the
bellows returns to its normal positiot- shown in pre-
ceding illustration.

Fig. 10-5 Shock Absorber
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Air Chamber

Pet Cock

Same Material as
Piping System

Gate Valve

An air chamber is a section of water piping on
which the upper end is closed, and the lower
end is connected to the piping system. On
horizontal piping, it is connected by means
of a side outlet tee; on risers and water sup-
ply branches, it is installed at the top.

The air trapped in the upper part of the
air charniier is compressed by the shock wave
of water hammer and absorbs the kinetic
energy of the shock wave. Then the high
pressure generated by the quick closing of
the valve against the water flow subsides, and
the air in the chamber expands to its normal
volume under the normal pressure of the
system.

Fig. 10-6 Air Chamber



A

D

A - Lavatory inlet below rim
B - Water closet - no vacuum breaker
D - Flushometer no vacuum breaker

C - E F - Hose connections - no vacuum breaker
G - Lawn sprinkler - no vacuum breaker

Fig. 10-7 Back Siphonage
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Fig. 10-8 Methods of Contamination

Fig. 10-9 Vacuum Breakers
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de
dedo'

de Expans ion

Loop

(Inches per 100 feet)

TEMP RANGE (F) I COPPER TUBING STEEL PIPE

0
50

100

0
.56

1.12

0
.37
J6

150 1.69 1.15
200 2.27 1.55
250 2.85 1.96

300 3.45 2.38
350 4.05 2.81
400 4.65 3.25

450 5.27 3.70
500 5.89 4.15

COPPER EXPANSION LOOPS AND OFFSETS

2L

Expansion Joints

As an example, copper tube expands 1.14" in
100' per 100° F temperature. A copper line
200' long, heated from 40° to 140°, would
expand in length 2.28", or 21/4 ". This expan-
sion can be provided for by installing expansion
loops, swing joints, or mechanical expansion
joints.

2L

6 3
Expans i on Loop

A

Offset

3L

TUBE
OD

(In.) V."

LENGTH-1. (INCHES)
For Travel of

'4 10
11/4 11

11/2 I I

1% T12
2 14

21/2 I 16

31/2 I E

41/4 20
51/2 I 22
61/2 I 24

1" 1 1/2" 2" 21/2" 3" ! 4" 5- 6"
1 15 19 22 25 27 1 30 34 38
i 16 20 24 27 29 33 38 42

17 21 26 29 32 36 42 47

I3 23 23 31 35 39 46 51
2) 25 '31 34 38 44 51 57
22 27 32 37 42 47 56 62

30 i 34 39 145 53 60 67
23 34 39 41 48 59 66 75
31 29 44 49 154 62 70 73

. 34 '42 148 54 59 68 76 83

Fig. 10-10 Pipe Expansion Data
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CHAPTER 11

FIXTURES AND APPLIANCES

The Plumber and the Inspector have been concerned up to this point with
the proper rough-in for all the plumbing fixtures and appliances to be

used on the job. Data supplied by the manufacturer has been consulted
to assure that the measurements for water and waste locations have been

properly made, backing is securely fastened for adequate support and the
pipes in the wall are firmly strapped to eliminate rattle. Other con-

siderations as discussed in previous chapters have also been noted.

The Owner and the public judges a plumbing system primarily by what they
can see. If fixtures are not true to line and the trim is poorly in-
stalled the impression will be that it is a poor job.

Most codes define plumbing fixtures as approved type installed receptacles.
devices or appliances which are supplied with water or which receive liq-
uid or liquid borne wastes and discharge such wastes into the drainage
system to which they may be directly or indirectly connected. Processing
equipment, such as tanks, are not plumbing fixtures, but may be connected
to or discharged into approved traps, or plumbing fixtures.

Plumbing fixtures are generally classified as residential, commercial and

industrial, or institutional. The commercial and institutional fixtures
usually get heavier usage than the residential type, and for this reason
are designed with this in mind, including heavier trim. The toilet seats
are the open type to facilitate cleaning, and the toilets and urinals are
equipped with flush valves.

Most plumbing codes .state that plumbing fixtures shall be made of durable,
smooth, nonabsorbent, and corrosion resistant material and shall be free

from concealed fouling surfaces.

The U. S. Department of Commerce, in cooperation with fixture manufac-
turers aid distributors, publishes voluntary minimum standards for the

manufacture of plumbing fixtures. Most plumbing codes have adopted the
standards by including them, thus making the standards mandatory.

There are a tremendous variety of fixtures and trim which can be used.
Most manufacturers provide cuts, or pictures of the fixtures and dimen-
sions, for identification purposes. The Inspector should have such
material in his job file to assure that the proper fixture and trim is
being installed at the ;,roper location. This becomes very important in
institutional work, such as hospitals, laboratories, or prisons, because
the same fixture, such as a deep sink, may have different trim, depending
on its location.

-174-



Most manufacturers of fixtures and appliances, as well as other materials
have Sales Engineers in the area where the material is being used. If

there is any question on the part of the Plumber or Inspector regarding
its use, a telephone call to the representative will secure the proper
answer.

While most plumbing installations are governed by the local code restric-
tions there are certain principles which apply, and must be enforced.
The water supplied to fixtures for domestic purposes must be potable; no
cross-connections must be allowed; water pressure must be adequate with-
out objectionable noise; water and waste piping must be water and gas-
tight at the operating pressure; each fixture must be properly protected
by a trap; the above limitations are discussed in more detail in other
chapters.

Water Closets: The design of water closets may vary, depending on their
application. A residential closet is generally equipped with a flush
tank instead of a flushometer valve. The tank is quieter in operation,
and the service is not so severe as it is in a commercial or institutional
building.

A closet is almost universally made of vitreous china, molded to the
shapes desired. It is nonporous and nonabsorbent, thus is easier to keep
clean and sanitary. Enameled metal can chip, and expose the metal to
rust or absorption of undesirable odors.

All closets are equipped with integral traps (built-in). This insures
that the trap will flush the closet through siphonic action.

The reverse trap closet is cleansed by having the water enter through
diagonal slots around the circumference of the bowl. The swirling action,
thus created, forms a jet which produces the required siphonic action.
The advantages claimed for this type are a quieter flush, and less water
is used, although it may take longer to flush.

The washdown closet has the trap path at the front of the bowl. This

bowl is harder to clean because the top of the trap is above the water
level. Many codes do not allow its use.

The siphon jet closet is the most popular and satisfactory type because
it is quick flushing, and has the deepest trap seal; the water level is
also lower in the bowl.

The blowout water closet is used in buildings, such as schools or offices
where the bowl Lay be loaded with paper prolucts. This closet requires
a minimum pressure of 25 psi at the flush valve. The trap is larger than
in the other closets mentioned.
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Closets are floor or wall mounted, and may vary considerably depending on
the application. The same is true of the seats, which may be closed
front, open front, rounded, elongated and provided with check hinges, self-
sustaining or self-raising hinges. They may be equipped with covers,
particularly in residential work.

Lavatories and Sinks: Lavatories or wash basins and sinks come in a
variety of styles; unlike water closets, however, they may be made from
a variety of materials. These include enameled cast iron, molded counter
top types, stamped sheet steel with a thin enamel coating, and stainless
steel. An undercoating is usually applied to the steel fixtures to deaden
the sound caused by vibration.

Stainless steel is becoming popular for lavatories, sinks, and other fix-
tures because it is easily cleaned, lightweight with high strength,
easily fabricated and is heat resistant.

Urinals: Urinals are generally made of vitreous china or enameled cast-
iron, although other non-absorbent materials may be used.

The trough urinal may accommodate two or more and is :ess costly than the
individual type. There is no privacy with this type, and it can become a
trash catcher.

The stall urinal allows privacy but can also become a trash catcher.
Since it is floor mounted, the strainer can become clogged and allow over-
flow to occur. The wall hung washout urinal is similar to the stall
urinal with no siphonic action; it is less sanitary than the siphon jet
or blowout urinal designs.

The siphon jet, either wall-hung or pedestal-mounted, and the blowout
urinal are similar in action to their similarly named water closet types.
The blowout urinal requires 30 psi water pressure and for this reason is
noisy in operation. Flushing action for urinals is by direct flushometer
valve, which may be manually operated by hand or foot, or it can be by
means of a timed cycle with a small motor mounted on the flushometer
valve. The flushometer valve may be concealed in the pipe space with only
a handle or button protruding if vandalism is a problem. There are other
automatic flushing systems which are designed to save water and only flush
when the fixture is used.

Bathtubs and Showers: There are a variety of tubs which may be installed
in residences, hospitals, nursing homes, or other areas with 24-hour
occupancy. This class of fixtures, along with the stall urinal, are in-
stalled after the framing is complete and before wall finishes are applied.
Tubs must be adequately secured and protected during construction. Where

a tub and shower combination is installed the wall must be waterproofed
to approximately 6'-0" above the finished floor.
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Shower receptors which are built-in must be equipped with a waterproof
pan to a height of 4" to 6" to prevent leakage. Pans may be made of
lead, copper, or trade-marked composition of the types allowed by the
local codes.

Trim for these fixtures may be of various types, generally of the same
materials used for other fixtures.

Other fixtures commonly seen in residences, commercial buildings, or
small plants may be service sinks, gang shower rooms, circular wash
sinks with foot controls, laundry trays, drinking fountains, and many

others.

Institutions, such as hospitals, laboratories, prisons, or universities,
require many more fixtures than the ordinary job; the severity of the
service may require heavier fixtures and special trim.

In addition to the water closets, lavatories, sinks and tubs and showers
which are used in a hospital, for instance, there are pieces of spec-
ialized equipment which must be installed as a part of the plumbing work.
This may include several types of sterilizers., bed-pan washers, built-in
electric drinking fountains, and others which require special treatment
and handling. Some may be supplied by other than the Plumbing Contractor,

but must be installed by him. Much of the trim may be exposed, and may
be iron pipe size polished chrome. Any material regLired for connections

must match this.

Floor Drains: Most plumbing codes consider a floor drain e plumbing fix-
ture because it receives a liquid discharge from some source. In many
cases, it may be only for emergency use, such as a stoppage, causing
overflow. For this reason, most codes also require a hose bibb near the
drain, in order that the floor drain trap may be supplied with water to
replace that lost by evaporation. More elaborate means are sometimes
used to accomplish this purpose; one way is to supply water to the top
by connecting it to a source which supplies water in a small quantity
each time the source is used. The floor drains should be placed so that
the floor slopes to them, and preferably, they are out of the way of the
room traffic.

Appliances: Most plumbing codes consider appliances the same as plumb-
ing fixtures, since they are connected to the water supply, drainage
system, or both. They are sometimes referred to as plumbing equipment.
The most common type are the dishwasher, garbage disposal, washing mach-
ine, hot water heater, ice makers, and many others, which add to the
convenience of modern living. Since it is not possible to discuss each
appliance in detail some generalizations will be made regarding them as
well as fixtures and accessories.
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Accessories: The plumbing craft has the responsibility of installing all
accessories which are metal. The ceramic items, such as soap dishes and
toilet paper holders are installed by the tile setter. There are a great
number of accessory items; a few are towel holders, toilet tissue holders,
grab bars, medicine cabinets, mirrors and coat hooks; whether surface
mounted or recessed, they must be recognized in advance and preparation
made for them, by providing backing or openings as required. It is the
Plumber's responsibility to request the backing or opening, although the
General Contractor may be required to provide it.

The Plumbing Inspector who is engaged in the supervision of the construc-
tion or installation end of the business as contrasted with the manufac-
turing end will usually be concerned with the proper installation as
detailed on the plans and described in the specifications as provided by
an architect or engineer engaged by the Owner. It is not always practi-
cable to show each individual detail and phrases such as "install in a
manner," "provide proper backing," or "anchor securely" may show on the
plans or be expressed in the specifications. It then becomes necessary
for the -lumber to draw on his experience and knowledge of the job to
make the necessary provisions for the backing or anchoring. The Plumbin'
Inspector cannot tell the Plumber how to do the work or what to provide,
but he must be sufficiently informed so that he knows if the work is
being done properly, and that the crafts involved are cooperating fully.

Since a hospital job of moderate size, for instance, would have one or
several of most of the fixtures and appliances mentioned here, and others
of similar characteristics, it will serve as an illustration of the
planning and installation work which must be done by a competent Plumbing
Superintendent and his men; the Plumbing Inspector relates with him as
well as others to successfully complete the project.

This pre-supposes that the various steps outlined, and the duties and
obligations of the Plumbing Inspector discussed in Chapter 1, Plumbing
Inspection, are thoroughly understood.

The job progress to the point of installing the fixtures and appliances
has not been haphazard. All work has been carefully scheduled by all
crafts to within a week or two, for instance, on a job which may take two
years to complete. This scheduling assures that materials and labor will
be available when ceded. The Inspector is thoroughly familiar with the
plans and specificaL:i.ons, not only for the plumbing work, but for all
other crafts working on the job.

.w

In order to succes::fully complete the job, the work which is on display,
the "finish" as opposed to the "rough-in" has been planned in advance.
All services for fixtures and appliances have been roughed-in as shown
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and specified. All tests and inspections have been completed. Each fix-

ture dimension has been verified from the manufacturer's data supplied as
discussed in Chapter 1. These "rough-in" cuts, as they are called, show
the exact position of the waste and supplies, as well as trim and mount-
ing instructions.

Plumbing fixtures are generally stored in a safe place until they are to

be installed. Some fixtures, sucli as bathtubs or clinic sinks are heavy
and are moved by handcarts or other safe means. Most fixtures are deliv-
ered with the trim in separate cartons; this is usually left in storage
until needed, as it is expensive and subject to damage. Each fixture
should be carefully examined before installation; this may show hairline
cracks in urinals, crazing in the vitreous china, warping so fixtures do
not set flush to the wall. A complex job like a hospital requires good
organization of the work so that there will be no delay in the final
acceptance of the work.

In addition to the plumbing fixtures, the appliances are also installed
by the Plumbing Contractor. The modern hospital kitchen will be equipped
with a large commercial dishwasher, garbage grinders, potato peelers,
coffee urns, and other appliances which will require water or gas con-
nections and means to drain, usually indirectly. It is necessary to
check appliance installations closely to assure that no cross-connections
exist which can cause contamination.

Relief valves must be installed on the water heater and other closed
vessels for safety reasons.

After the fixtures and appliances are installed, leveled, plumbed and
securely fastened or anchored, the trim is installed where required. The
Plumber should then run the water at the fixtures to clean out the pipes.
Many specifications, particularly on institutional jobs will require
chlorination of the supply water systems as a health precaution, espec-
ially if the lines have been installed for a long period before being put

into use. Refer to Chapter 19, Inspection and Testing, for one way to do

this. The water and waste connection, should be visually checked for
leaks. If any are found, which is quite likely, the fixture may have to
be removed and reset, or the fittings may need to be replaced. Cracked
fittings or improperly made joints may not be evident before this time.

Each fixture and appliance should be checked for proper operation. The
water pressure must be checked; there should be no splashing over the
rims of lavatories, nor from stall urinals; drainage should be proper;
there olould be no gurgling nor rattling of pipes due to water hammer;
tan!. toilets should refill within the time specified by the manufacturer.
Other tests are described in the chapter on Inspection and Testing. They

may not all be required depending on the specifications.
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The Plumber usually starts to set the fixtures as soon as the space is
ready, which may be after the finish painting is complete, or in the case
of stall urinals and bathtubs, among others, must be installed during the

rough-in stage. Protection of the fixtures until final completion and
acceptance of the building is the responsibility of the Plumbing Con-

tractor. This must be properly lone to avoid damage and consequent extra

cost for replacement or repair. The methods of protecting the fixtures
will vary with the job and with the Contractor. Sometimes empty cartons
are placed over the fixture, or specific coverings are sprayed or brushed

on. Trim may he covered with masking tape; other similar methods may be
used, so long as they are effective.

Cleanliness is an important factor in institutions, as it is in other
buildings; it may be more complicated to achieve because of the number

of fixtures. Glazed fixtures should be grouted at the wall and floor

areas where dirt could collect. Grout is a white cement mixed with water
to form a paste and smoothed into the cracks in a continuous line. On
smaller jobs a commercial product may be used, but it is more expensive.

It is also the responsibility of the Plumbing Contractor to clean all
fixtures, before the final inspection and the punch list is made up.
The amount of dirty cleaning required will be in direct proportion to
the lack of care which was used in protecting the fixtures and appliances.

The punch list is made up by the Plumbing Inspector when the Plumbing
Superintendent reports that all the work is complete and ready for in-

spection. If there has been close cooperation between the Inspector and
the Superintendent, most defective items will have been fixed as the job

progresses. It is only when all defective items have been satisfactorily
solved, that the responsible parties will accept the building and re-
commend acceptance to the Owner.
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There are many types of water closet combina-
tions manufactured for residential use. Nos .

1-4 show some of the designs avail-
able to the consumer.

1. No. 1 is a floor-mounted close-coupled
tank and bowl combination. Close-coupled
means the flush tank is fastened directly
over the closet bowl. This design is the
most common among residential water
closets because it is the most economical
to install.

2. No. 2 is a wall-mounted close-coupled
tank and bowl combination. This design is
popular because the off-the-floor installa-
tion makes it easier to maintain a clean,
sanitary bathroom.

3. No. 3 is a one-piece floor-mounted tank
and bowl combination. The flushing action
of this design is quieter than the usual
siphon jet because a siphon vortex, or swirl-
ing motion, is used to flush the bowl.

4. No. 4 is a floor-mounted one-piece low
tank and bowl combination. Because the
water head is insufficient to give a satis-
factory rim wash, a water supply connec-
tion is made from the float valve to the
flushing rim. This washes the side of the
bowl and aids in the flushing of the fixture.
A minimum water pressure of 30, psi at the
fixture supply is required to operate this
fixture.

No. 1

No. 2

.MM.MEML!

No. 3

Fig. 11-1 Residential Water Closets
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15B-17 GENERAL REQUIREMENTS OF

PLUMBING FIXTURES:
A. All fixtures shown on plans shall be set, connected

and tested by the Contractor. He shall also make
all water, waste, vent, soil and other service con-
nections to fixtures as shown on plans or a' di-
rected. and shall set, furnish, connect and ts., all
necessary fittings.

B. All fittings, escutcheons, faucets, ta aps, exposed
piping, etc., shall be brass, chrome plated over
nickel plate with polished finish. Any hanger -its
visible shall likewise be chrome plated over nickel
plate.

C. This Contractor shall furnish and set all hangcis,
support brackets. etc., requiring support. Such sup-
ports shall be in accordance with the recommenda-
tions of the manuf2cturers of the fixtures, and if
built into partitions or walls shall be set as the wall
progresses. This Contractor will be held responsi-
ble for the stability of all fixtures, furnishing all
chair carriers or other materials necessary to ac-
complish this. Setting of fixtures not in this con-
tract will be done by others.

15B-18 PLUMBING FIXTURES:
A. Plumbii g fixtures shall be as manufactured by

American-Standard, Crane Co., or Kohler. Fixture
designations are for American-Standard.

P-I WATER CLOSET (Patients)
2922.032 "Madera"
4020.012 bolt caps
S.R. 115YV Flush valve
7586.027 bedpan cleanser "SPRA-FLEX"
7679 012 Bedpan Cleanser
7837.016 Backilow preventer
5320.114 white seat-open front-no cover

P-2 WATER CLOSET (General)
2222.016 "New Madera" with Sloan Royal 113 YV
flush valve and 9500 white seat

P-3 WATER CLOSET (Specimen)
9436.015 "Tribor specimen toilet"
4020.012 bolt caps
7679.020 bedpan cleanser modified for cold water
only
7837.024 vacuum breaker
7867.013 nozzle w/hook-4' hose vv/ spray
7544.018 supply pipe assembly
5320.114 white seat-open front-no cover
S.R. #115 YV Flush valve (same as P-1)

P-4 URINAL
F 6530 "Lynbrook" with Sloan Royal #180YV
fig ;h valve

P-5 LAVATORY (Patients' and Kitchen)
0350.132 "Lucerne" 20 x 18
7506.140 gooseneck faucet, 4" wrist handles, aera-
tor, grid drain
2340.016 straight tailpieces
2302.115 supply pipe. w/ loose key stops
4129.015 11/4 x 11/2" P trap w/cleanout
4446.019 11/2" pipe nipple w/ escutcheon

P-6 LAVATORY (Exam-Treatment)
0350.421 "Lucerne" 20 X 18
7522.030 gooseneck spout, aerator
2340.016 tailpiece
(Type B) 7546.054 supply pipe assembly
7676.018 knee action mixing valve- supplies --
wall support
2411.015 grid drain
2429 015 11/4 X 11/2" P trap w/ cleanout
4446.019 11/2" pipe nipple w/ escutcheon

P-7 LAVATORY (General)
F 351 20x 18" "Lucerne"
2101.013 Centerset w/ aquaseal & pop-up drain
2341.030 offset tailpic es
2306.017 3/8" wall supplies
4419.016 11/4 X 11/2" P trap w/clepnout
4446.019 11/2" pipe nipple w/ escutcheon

P-8 BATHTUB (Patients')
P2265 R/ 67R 5' "Bildor" with Stan-Sure
Leonard M-10-CST thermostatic mixing valve
Sloan model AC-110 shower head
1576.289 waste w/lever operated drain
1624.014 tub filler

P-9 SITZ BATH
9040.015 Bath
9041.013 Pedestal
Leonard M-10-CR with thermometer
7564.040 supply
4419.016 "P" trap
4446.019 trap nipple
9041.021 vinyl overflow

P-10 SHOWER (Patients') (Not Shown)
Leonard M-10-C mixing valve and Sloan model
AC-110 shower head

Fig. 11-2 Fixture Specification
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ROUGHING-IN DIMENSIONS

MODEL A B C
Ai- io-cs-r 8 3 3%
M-20-CST 8% 3 3')(

TRIM FOR P-8

INSTITUTIONAL SHOWER HEAD
Model AC-110 with Back Inlet and

without Volume Control.

TRIM FOR P-8

Fig. 11-3 Trim Detail
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Back-up Nuts
and Washers

Slots for vertical adjustment
allows for various types
of floor construction.

"T" shaped uprights
permit greater strength
in supporting fixture.

Flat surface area per-
mits proper distribu-
tion of load on floor
making unit primarily
floor supported.

Upper threaded rods are
adjustable to meet
various wood stud
center-to-center dimensions.

Adjustable closet connections
and adjustable fixture support
rods allow for various types of
wall construction.

Lower adjustable threaded rods
secure uprights to sole plate
and flooring.

Cut-off sections permit varia-
tions in soil pipe drainage
line facilitating installation
in slab construction.

Fig. 11-4 Residential Chair Carrier

Fin. Wall

111111111111

411

r41
Bolt Slot

Bolt

Floor

12"

Plan of Floor Flange

Closet Horn
1/4 " To Top
Of Soil Pipe

Lead
V%.

Oakum Gasket

'us.'" Floor Flange

Soil Pipe

Bowl with Concealed Chair
Carrier

Fig. 11-5 Water Closet Supports
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Starter Plate

Positionin
Tabs

Cap

Draft Hood
Connector

Asbestos-Cement Disc
Cement-in Base of Tee

co

Shape

Round
Round
Oval

Oval

Sheet
Iron

Pos it ion ing

Tabs

MINIMUM CLEARANCES
For Cement-Asbestos Gas Vents

Sizes3_7
8"-12"
No. 3 & No. 4

No. 5 & No. 6

DoubleWall
Pipe

Wall Heater Vent

Fig. 11-8 Gas Vent Details
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Clearance

11/2 inches
3 inches
In 2x6 studing;
or 11/2 inches
3 inches

Oval Double-
Wall Vent Pipe
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CHAPTER 12

FUEL SYSTEMS

Types of Fuels: The most common fuels the Inspector is likely to en-
counter are gaseous and liquid. These may occur in all of the various
structures from residential to institutional. Liquified petroleum pro-
ducts may occur in both the liquid and gaseous state.

The gaseous fuels most commonly encountered are: natural gas, propane
air mix, butane, and acetylene. Most gases are odorless so are treated
with skunk oil to make them noticeable when a leak occurs.

Other gaseous petroleum fuels not encountered frequently are methane,
ethane, pentane, hexane, hystane and octane. All fuel gases are compounds
of hydrocarbons that contain hydrogen and carbon in varying proportions.
The principle hydrocarbon found in natural gas is methane which is 80 to
95% bf the composition.

The heating value of gases generally vary from 800 BTU/cu ft. to 1200
BTU/cu ft. Utility companies make an effort to mix gases of low value
with those of a higher value in order to average out to approximately
1000 BTU/cu ft. Low heating value gas wells are usually capped and not
developed.

Liquified petroleum (L.P.) gases commonly used for fuel are propane and
butane., Propane is the more widely used fuel. Propane has a heating
value of over twice that of natural gas at an average of 2516 BTU/cu ft.
Enclosed spaces with L.P. gas piped in, require venting to the outside
of the floor level since L.P. vapors are heavier than air.

Some small communities and large building complex groups use a propane
air mix with the resulting heating value at or near that of natural gas.
This mixture is piped in an underground distribution system of the same
type as that used for natural gas.

Distribution systems for the public utility companies may vary in pres-
sure from 8 oz. to 150 psi depending on the source and the proximity to
the nearest booster pump systems. Usually the Inspector Will only be in-
volved with in-house systems which are normally 7 inches water column ur
5 psi. Some variations between these limits may be allowed by the gas
company but rarely will pressures be allowed above or below them.

Liquified petroleum (L.P.) gas pressures vary with the vapor pressure of
the liquid, which varies with the temperature. In cold climates where
fuel tanks may be installed unprotected above ground a gas generator is
usually employed. This device adds heat to the liquid stored in the tank
thereby increasing the vapor pressure. Distribution pressures from tank
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to house may vary between 11 inches water column to 50 psi. Primary
regulators are usually installed at the tank to regulate this pressure.
House distribution pressures are usually 11 inches water column unless
some appliance such as a large boiler requires a higher pressure.

Acetylene is used most commonly in metal shops in conjunction with an
oxygen system for gas torch welding and cutting. Distribution pressures
may be the same as those in the storage or bulk tank but is usually limi-

ted by a primary regulator to less than that. Secondary regulation is

necessary at the point of use. Piping method is much the same here as for
natural gas (to be discussed later) except, in necessary cases, for higher
pressure rated fittings and pipe.

Liquid fuels ate: Propane, gasoline, kerosene and fuel oils from No. 2.

diesel to No. 6 crude black. Also included for later discussion will be
lubricating oils. Llthough these are not considered fuels many of the
piping practices applicable to combustible liquids apply to lube oils.

Liquid fuels mentioned above are distillates of liquid hydrocarbons.
Propane has the highest energy content, 21,591 BTU per pound followed
closely by gasoline with 21,400 BTU per pound. Both fuels have very low

flash pcints and are considered very dangerous. Piping systems for both
must be very carefully installed and tested so as to eliminate any pos-

sibility of leakage. Diesel oil and other fuel oils are safer to handle
mostly due to higher flash points but are still high in energy content;
18,320 to 19,650 BTU per pound.

Pipe Systems: Gas piping system installations are completely covered in
Chapter 12 of the UPC including type of materials, testing and sizing for
both natural gas and L.P. gas. Appendix F in the UPC covers medium pres-

sure gas system installations. It is suggested the student read both the

aforementioned chapters.

Work covered by plans and specifications prepared by an Architect/Engineer
will usually require underground piping to be of welded steel construc-

tion. Once this system is tested and the corrosive or cathodic protective
coating added, it is superior to a threaded system due to the lack of
metal removing threads. The threaded join` is more vulnerable when

unprotected.

Test pressure requirements will usually be more stringent for a job with
specifications governing the work as compared to the UPC. These usually
higher and longer duration tests are for the added protection of the
building Owner and occupants and should not be set aside in favor of a
lesser test as prescribed by the UPC.
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The protection of all
ver critical. It is

Gasoline and fuel oil
No. 30, Flammable and
reading.

types of underground fuel piping from corrosion is
recommended the student review Chapter 17, Corrosion.

piping systems are best covered in the NFPA Manual
Combustible Liquids Code. This, too, is recommended

Steel piping is usually used for fuel piping, especially underground in-
stallations. Cathodic and/or other protection to prevent corrosion is
mandatory. Piping installed above ground should also be treated with a
coating where subject to corrosion. Other types of piping materials such
as aluminum, brass, plastics or fiberglass, require care in installation
the same or greater than steel. Low melting point materials should not
be used as a fuel conduit in a high fire hazard area for obvious reasons.

Underground fuel tanks are usually steel, coated for corrosion protection,
and in some cases protected with cathodic protection devices. Fiberglas

tanks have come into some use recently. All connected piping, vents, fill,
suction and return lines, shall be sloped to the tank. Tank tops shall
be located below the floor level served with fuel in order to prevent
gravity syphonage. If the tank is located above the level served the
necessary back-syphonage valves should be installed in the suction piping.

Careful inspection of all underground fuel appurtenances is necessary to
detect any abrasions or holidays in the protective coatings.

Underground L.P. tanks are a special case and the student is directed to
NFPA Code No. 58. Special design considerations are necessary to protect
this critical vessel from corrosion. Test plates are often required to
be buried with the tank and dug up from time to time to check the rate of
deterioration of the metals used. This is necessary because of high in-
ternal pressures.

Above ground L.P. tanks as described in NFPA No. 58 require very restric-
tive clearances from structures and property lines depending on their
volume. The specialized tank appurtenances are usually supplied with the
tank by the L.P. supplier and will not concern the Inspector. Piping from
the tank to the building is governed by the UPC.

Lube oil tanks and waste oil tanks are in the same category as gasoline
tanks. Although not highly flammable, oil can be hazardous when leakage
allows accumulation in unwanted areas. Inspection of these installations
is as critical as gasoline tanks.

Various agencies control the manufacture, transportation, installation and
use of fuels. A few have been mentioned. Others are Pacific Gas & Elec-
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tric Company, Public Utility Commission, American Gas Association, Factory
Mutual Insurance, Underwriters' Laboratories. This is not a total list
but will give the Inspector some idea of scope of control over this very
important segment of the construction industry.
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FUEL GAS PIPING

Sec. 1203 Permit

(a) It shall be unlawful for any person to install, alter or repair
or cause to be installed, altered or repaired any gas piping, with-
out first obtaining a permit from the Administrative Authority to
do so, provided however, no permit shall be required from a
serving gas supplier to disconnect defective gas piping or equip-
ment when authorized by Section 1209.

(b) Permits for gas piping shall show the total number of gas
outlets to be provided for on each system, and such other infor-
mation as may be required by the Administrative Authority.

Sec. 1204 Plans Required

The Administrative Authority may require the submission of
plans, specifications, drawings and such other information as he
may deem necessary, prior to the commencement of, and at any
time during the progress of any work regulated by this code.

Sec. 1205 Workmanship

No gas piping shall be strained or bent and no appliance shall
be supported by or develop any strain or stress on its supply
piping. Gas piping supplying appliances designed to be sup-
ported by the piping may be used to support such appliances
when first approved by the Administrative Authority.

Sec. 1206 Inspections

(a) Upon completion of the installation, alteration or repair of
any gas piping, and prior to the use thereof, the Administrative
Authority shall be notified that such gas piping, is ready for
inspection.

(b) All excavations required for the installation of underground
piping shall be kept open until such time as the piping has been
inspected and approved. If any such piping is covered or con-
cealed before such approval, it shall be exposed upon the direc-
tion of the Administrative Authority.

(c) The Administrative Authority shall make the following in-
spections and shall either approve that portion of the work as
completed, or shall notify the permit holder wherein the same
fails to comply with this code.

(1) Rough Piping Inspection:

This inspection shall be made after all gas piping authorized
by the permit has been installed, and before any such piping

has been covered or concealed, or any fixture or appliance
has been attached thereto. This inspection shall include a de-
termination that the gas piping size, material and installation
meet the requirements of this code.

(2) Final Piping Inspection:
This inspection shall be made after all piping authorized by

the permit has been installed and after all portions thereof which
are to be covered or concealed are so concealed and before any
fixtures, appliance or shutoff valve has been attached thereto.

This inspection shall include an air pressure test, at which time
the gas piping shall stand a pressure of not less than ten (10)
pounds per square inch gauge pressure, or at the discretion of
the Administrative Authority the piping and valves may be tested
at a pressure of at least six (6) inches of mercury measured with
a manometer or slope gauge. Test pressures shall be held for a
length of time satisfactory to the Administrative Authority, but

UPC-73
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in no case for less than fifteen (15) minutes with no perceptible
drop in pressure. For welded piping, and for piping carrying gas
at pressures in excess of fourteen 04) inches water column pres-
sure, the test pressure shall not be less than sixty (60) pounds per
square inch and shall be continued for a length of time satisfac-
tory to the Administrative Authority, but in no case for less than
thirty (30) minutes. These tests shall be made using air pressure
only, and shall be made in the presence of the Administrative
Authority. All necessary apparatus for conducting tests shall be
furnished by the permit holder.

(d) In cases where the work authorized by the permit consists
of a minor installation of additional piping to piping already
connected to a gas meter, the foregoing inspections may be
waived at the discretion of the Administrative Authority. In this
event, the Administrative Authority shall make such inspection
as he deems advisable in order to assure himself that the work
has been performed in accordance with the intent of this code.

Sec. 1207 Certificate of Inspection

(a) If, upon final piping inspection the installation is found
to comply with the provisions of this code, a certificate of in-
spection may be issued by the Administrative Authority.

(b) A copy of the certificate of such final piping inspection
shall be issued to the serving gas supplier supplying gas to the
premises.

(c) It shall be unlawful for any serving gas supplier or person
furnishing gas to turn on, or cause to be turned on, any gas meter
or meters, until such certificate of final inspection, as herein pro-
vided, shall have been issued.
Sec. 1208 Authority to Render Gas Service

(a) It shall be unlawful for any person, firm or corporation,
excepting an authorized agent or employee of a person, firm or

corporation engaged in the business of furnishing or supplying
gas and whose service pipes supply or connect with the particular
premises, to turn on or reconnect gas service in or on any premises
where and when gas service is at the time not being rendered.

(b) It shall be unlawful to turn on or connect gas in or on any
premises unless all outlets are properly and securely connected
to gas appliances or capped or plugged with screw-joint fittings.

Sec. 1209 Authority to Disconnect
(a) The Administrative Authority or the serving gas supplier is

hereby authorized to disconnect any gas piping or appliance or
both which shall be found not to conform to the requirements of
this code or which may be found defective and in such condition
as to endanger life or property.

(b) Where such disconnection has been made, a notice shall
be attached to such gas piping or appliance or both, which shall
state the same has been disconnected, together with the reasons
therefor.

(c) Such attached notice shall not be removed, nor shall either
gas piping or appliance be reconnected until authorized by
the Administrative Authority to do so.

(d) It shell be unlawful to remove or disconnect any gas
piping or gas appliance without capping or plugging with a
screw joint fitting the outlet from which said pipe or appliance
was removed. All outlets to which gas appliances are not con-
nected shall be left capped gas-tight on any piping system
which has been installed, altered or repaired.

UPC-73
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Sec. 1210 Temporary Use of Gas
Where temporary use of gas is desired and the Administrative

Authority deems the use necessary, a permit may be issued for
such use for a period of time not to exceed that designated by
the Administrative Authority, provided that such gas piping
system otherwise conforms to the requirements of this code re-
garding material, sizing and safety.

Sec. 1211 Gas Meter Locations

(a) All gas meter locations shall be approved by the Adminis-
trative Authority and the serving gas supplier.

(b) Where more than one (1) meter is set on a particular
premises, they shall all be set at one location, except where this
is impractical. In multiple meter installations each separate gas
piping system shall be identified by the permittee in a manner
satisfactory to the serving gas supplier serving the gas.

(c) All gas meters shill be preceded by a main supply shut-off
valve and shall be placed as to be at all times readily accessible
for inspection reading, testing and shutting off the gas supply.
All service piping or main supply shutoff valves must be outside
of the building and readily accessible.

-

(d) In order that gas may be supplied, the gas piping inlet
shall be located with respect to the proposed meter location, in
accordance with the local serving gas supplier instructions.

(e) Access to enclosed gas meters, except those located in an
approved vault supplied by the serving gas supplier, shall be
through an opening or door not less in size than twenty-two (22)
inches by twenty-four (24) inches, but in no event smaller than
that specified by the local serving gas supplier.

(f) Gas meters shall not be located under a show window or
under interior stairways or in engine, boiler, heater or electric
meter rooms. Where not prohibited by other regulation, gas
meters may be located in the open under exterior stairways.

Sec. 1212 Material for Gas Piping

(a) All pipe used for the installation, extension, alteration, or
repair of any gas piping shall be standard weight wrought iron
or steel (galvanized or black), yellow brass (containing not more
than seventy-five (75) per cent copper), or internally tinned or
equivalently treated copper of iron pipe size.

(b) All such pipe shall be either new, or shall previously have
been used for no other purpose than conveying gas; it shall be
in good condition and free from internal obstructions. Burred
ends shall be reamed to the full bore of the pipe.

(c) All fittings used in connection with the above piping shall
be of malleable iron or yellow brass (containing not more than
seventy-five (75) per cent copper).

(d) All valves and appurtenances used in connection with the
above piping shall be of a type designed and approved for use
with fuel gas.

Sec. 1213 Installation of Gas Piping

(a) All joints in the piping system, unless welded, shall be
screwed joints, having approved standard threads. Such screwed
joints shall be made up with approved pipe joint material,
insoluble in the presence of fuel gas and applied to the male
threads only.

(b) No gas piping shall be installed in or on the ground
under any building or structure and all exposed gas piping
shall be kept at least six (6) inches above grade or structure.

Concealed unprotected gas piping may be installed above
grade in approved recesses or channels.
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Exception: When necessary due to structural conditions,
approved type gas piping may be installed in other locations
when permission has first been obtained from the Administrative
Authority.

(c) Where water vapor is present in the fuel gas served,
accessible drip pipes shall be provided at points where con-

densation will tend to collect.
(d) Ferrous gas piping installed underground in exterior loca-

tions shall be protected from corrosion by approved coatings or
wrapping materials and all such horizontal piping shall have
at least twelve (12) inches of earth cover or other equivalent
protection. Risers shall be wrapped to a point at least six (6)
inches above grade.

(e) All gas pipe protective coatings shall be approved types,
machine applied and conform to recognized standards. Field
wrapping shall provide equivalent protection and is restricted
to those short sections and fittings necessarily stripped for
threading or welding. Zinc coatings (galvanizing) shall not be
deemed adequate protection for piping below ground. Ferrous
metals in exposed exterior locations shall be protected from
corrosion in a manner satisfactory to the Administrative Authority.

(f) All gas piping shall be adequately supported by metal
straps or hooks at intervals not to exceed those shown in Table
12-5. Gas piping installed below grade shall be effectively
supported at all points on undisturbed or well compacted soil.
Material used for backfill around the pipe, shall be free of rocks,
building materials, ashes and trash.

(g) Gas piping supplying more than one building on any one
premises shall be equipped with separate shut-off valves to
each building, so arranged that the gas supply can be turned
on or off to any individual or separate building. Such shut-off
valve shall be located outside the building it supplies and shall
be readily accessible at all times. Buildings accessory to single
family residences are exempt from the requirements of this
subsection.

(h) Where unions are necessary, right and left nipples and
couplings shall be used. Ground-joint unii,ns may be used at
exposed fixture, appliance or equipment connections and in
exposed exterior locations immediately on the discharge side of
a building shut off valve. Heavy duty flanged type unions may
be used in special cases when first approved by the Administra-
tive Authority. Bushings shall not be used in concealed locations.

(i) When air, oxygen or other special supplementary gas
under pressure is introduced with the regularly supplied gas
either directly into the gas piping system or at burners, a device
approved by the Administrative Authority and the serving Gas
supplier shall be installed to prevent backflow of such special
gas into the gas piping system or serving Gas supplier's meter.
This device shall be located between the source of the special gas
and the serving Gas supplier's meter and shall be on the gas line
leading to the appliance using the special gas. This device may be
either a spring loaded or diaphragm type check valve and shall
be capable of withstanding any pressures which may be imposed
on it.

UPC-73
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(j) When liquefied petroleum or other stand-by gas is inter-
connected with the regular gas piping system, an approved
three-way two-port valve or other adequate safeguard acceptable
to the Administrative Authority and the serving Gas supplier
shall be installed to prevent backflow into either supply system.

(k) Valves used in connection with gas piping shall be ap-
proved types.

(I) All gas outlets located in a barbecue or fireplace shall
be controll by an approved operating valve located in the
same room and outside the hearth, but not more than four (4)
feet from such outlets. When piping on the discharge side of any
such control valve is standard weight brass or galvanized steel,
such piping may be embedded in surrounded by not less
than two (2) inches of concrete or masonry.

(m) An accessible shut off valve of a pe set forth in subsec-
tion (k) of this section, shall be installed in the fuel supply
piping outside of each appliance and ahead of the union con-
nection thereto, and in addition to any valve on the appliance.
Shutoff valves shall be within three (3) feet of the appliance.

Shutoff valves may be located immediately adjacent to and
inside or under an appliance when placed in an accessible and
protected location and when such appliance may be removed
without removal of the valve.

Shutoff valves may be accessibly located inside wall heaters
and wall furnaces listed for recessed installation where necessary
maintenance can be performed without removal of the shutoff
valve.

Sec. 1214 Appliance Connectors
(a) Appliance connections shall at no time have a diameter

less than that of the inlet connection to the appliance as pro-
vided by the manufacturer and each appliance shall be rigidly
connected to the gas piping with materials as provided in
Section 1212.

Exception:
A gas appliance may be connected with an approved listed

metal appliance connector under the following conditions:
(1) Listed metal appliance connectors shall have an overall

length of not to exceed 3' except a range connector, which may
not exceed 6'.

(2) No part of such connector shall be concealed within or
extended through any wall, floor or partition.

(3) A listed accessible appliance connector valve not less than
the nominal size of the connector shall be provided at the gas
piping outlet immediately ahead of the connector.

(4) All connectors shall be of such size as to provide the total
demand of the connected appliance based on the applicable
Tables 12-3 or 12-3A.

(5) Aluminum alloy connectors may be used only in interior
locations where they shall not be in contact with masonry, plaster
or insulation or are not subject to repeated corrosive wettings.

(6) The connection of an indoor appliance with any type of
gas hose is prohibited, except when used with laboratory or
shcp equipment or equipment that requires mobility during
operation. Such connections shall have the shut-off or stopcock
installed at the connection to the building piping. When gas hose
is used, it shall be of the minimum practical length, but not to
exceed six (6) feet, except for hand torches and special mobile
equipment, and shall not extend from one room to another nor
pass through any walls, partitions, ceilings or floors. Under no
circumstances shall gas hose be concealed from view or used in
a concealed location. Only listed gas hose shall be used and only
in accordance with its listing. Gas hose shall not be used where
it is likely to be subject to excessive temperatures (above 125°F)
nor shall it be used as a substitute for a standard appliance con-
nector.

UPC-73
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(7) Outdoor portable appliances may be connected with an
approved outdoor hose connector not to exceeed fifteen (15)
feet in length provided it connects outdoors to approved gas
piping including an approved valve at the inlet of the hose
connector.

Sec. 1215 Liquefied Petroleum Gas Facilities and Piping
In addition to the requirements of this code for gas piping, the

facilities and piping for use with liquefied petroleum gas shall
meet the following 'requirements:

(a) All liquefied petroleum gas facilities shall conform to
approved standards. All such facilities and their locations shall
be acceptable to the Administrative Authority and shall conform
to state and local fire prevention regulations.

(b) Where liquefied petroleum gas facilities serve more than
one (1) customer through separate piping systems, each system
shall be identified in a manner satisfactory to the Administrative
Authority and the gas supplier.

(c) All liquefied petroleum gas facilities shall be so placed
as to be at all times readily accessible for inspection, reading,
testing and shutting off the gas supply. All service piping and
main supply shut-off valves shall be outside of the building.
All main supply valves shall be of approved type and readily
accessible.

(d) In order that gas may be supplied, the gas piping inlet
shall be located with respect to the proposed liquefied petroleum
gas facility location in accordance with the requirements of this
section and the supplier's instructions.

(e) Liquefied petroleum gas facilities shall not be located in
any pit or basement, under show windows or interior stairways,
in engine, boiler, heater or electric meter rooms. When not pro-
hibited by another regulation, approved liquefied petroleum gas
metering devices may be located in the open under exterior
stairways.

(f) Liquefied petroleum gas piping shall not serve any gas
water heater located in a pit or basement where heavier than
air gas might collect to form a flammable mixture.

(g) Pipe joint compounds used on thread connections shall be
insoluble in liquefied petroleum gas.

(h) Every valve and appurtenance used on such piping shall
be designed and approved for use with liquefied petroleum gas.

(i) Discharge from relief valves shall be into open air and
shall be not less than five feet (5') horizontally away from any
opening into a building which is below such discharge.

Sec. 1216 Le ,ks
(a) Leaks in gas piping shall be located by applying soapy

water to the exterior of the piping.
(b) Fire or acid shall not be used to locate or repair leaks, nor

shall any substance other than air be introduced into the gas
piping.

(c) It shall not be permissible to repair defects in gas piping
or fittings, but upon having been located, the defective pipe, or
fitting shall be removed and replaced with sound material.

UPC-73
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Sec. 1217 Interconnections of Gas Piping Systems
(a) It shall be unlawful to connect any gas appliance in such

a manner that such appliance may receive gas from more than
one system of gas piping.

(b) The installation, use or maintenance of a gas valve which
makes it possible to turn on, control or otherwise direct the flow
of gas from one system of gas piping to another, where such
systems are supplied with gas from separate meters, is hereby
prohibited nd any such valves or other inter-connection between
separate systems of gas piping shall be removed upon order of
the Administrative Authority.

TABLE 12-1
Minimum Demand of Typical Gas Appliances

in BTU Per Hour Demand in
Appliance BTU

Domestic Gas Range 65,000
Domestic recessed top burner section 40,000
Domestic recessed oven section 25,000
Storage Water Heater up to 30-gal. tank 30,000
Storage Water Heater 40 to 50-gal. tank 50,000
Domestic Clothes Dryer 35,000
Fireplace Log Lighter (Residential) 25,000
Fireplace Log Lighter (Commercial) 50,000
Barbecue (Residential) 50,000
Gas Refrigerator 3,000
Bunsen Burner 3,000
Mobile Homes - Each (See Appendix E)
Gas Engines (per horsepower) 10,000
Steam Boilers (per horsepower) 50,000

Sec. 1218 Required Gas Supply

(a) The following regulations as set forth in this section and in
Section 1219 "Required Gas Piping Size" shall be the standard
for the installation of gas piping. All natural gas regulations and
tables are based on the use of gas having a specific gravity of
sixty-five hundredths (.65), supplied at six (6) to eight (8) inches
water column pressure at the outlet of the meter. For undiluted
liquefied petroleum gas, gas piping may be sized for 2500 BTU
per cu. ft. at eleven (11) inches water column and specific gravity
of one and fifty-two hundredths (1.52).

(b) The hourly volume of gas required at each piping outlet
shall be taken as not less than the maximum hourly rating, as
specified by the manufacturer of the appliance or appliances to
be connected to each such outlet.

(c) Where the gas appliances to be installed have not been
definitely specified, Table 12-1 may be used as a reference to
estimate requirements of typical. appliances.

(d) The size of the supply piping outlet for any gas appliance
shall be not less than one-half (1/2) inch.

The minimum size of any piping outlet for a freestanding gas
range or a mobile home shall be three-quarter (3/4) inch.

UPC-73
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Above Ground

Where the container may be subject to (a) Placed not less than 2 feet below
abrasive action or physical damage due grade
to vehicular traffic or other causes it
must be either: (b) Otherwise protected against such

physical damage
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2 I
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Fig. 12-1 L-P Gas Installation Details
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Gas pipe

A manometer is so constructed that, in use, the
pressure of the gas is measured as a force
applied against the surface of a quantity of
liquid in a U-shaped tube. The pressure of the
gas on one side of the tube forces the liquid to
rise in the other leg of the tube. The liquid
rises in that leg until the weight of the liquid
column equal the pressure being applied.

Generally, manometers used in testing gas
piping or appliances are filled with water. These
manometers are read in inches and decimal
fractions of an inch of water column.

The very low pressures on the house side of a
gas meter make the use of a "U-tube water
gauge" (manometer) practical for measuring
gas pressures.

In Fig. 2, we have a glass tube bent in a U
shape and containing an amount of water (ma-
nometer partially filled with water) which,
under no-pressure conditions, lies at equal
depths in each legsee U-tube at A.

In B, the U-tube has been connected to the
gas pipe by a flexible tube that conducts the
pressure of the gas from pipe to right-hand leg
of the U-tube. The gas pressure pushes down
on the water in the right leg until the water
rises in the left leg to a point where its weight
ju3t balances (is equal to) the gas pressure in
th right leg. The water in the bottom of the
U-tube from C to D acts like a balance scale: it
exactly balances the 2" high column of water

on the left with the gas pressure on the right.
The measurement indicated is a gas pressure
of 2" of water column, or 2" w.c. This reading
is a direct, accurate, legitimate expression of
pressure.

It takes a water column of about 23'
to balance a pressure of only 10 psi.
But if we use a liquid like mercury
in the gauge, we can measure pressures
up to about 13 times higher.

Fig. 12-2 Manometer Description
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CHAPTER 13

SPECIAL GAS SYSTEMS

General: Special gases, most often encountered by the inspector, will
occur in medical type facilities. These gases include oxygen, nitrous
oxide, nitrogen, and medical air. Although not normally thought of as a
"special gas system", vacuum piping systems must also be considered in
this category. This would include both medical and floor vacuum. Other

gases to be discussed are hydrogen and acetylene.

Most special gases, due to their hazardous characteristics, are carefully
regulated by the National Fire Protection Association (NFPA) series of
publications; they are considered codes by many building departments.
Excerpts from the NFPA material will be used as the authoritative source
for discussions in this Chapter.

Most gas systems are supplied from either bulk storage containers or a
multiplicity of smaller cylinders. These storage areas are set aside in
specially designated and designed spaces.

Manifold piping for cylinder systems are usually prefabricated by one of
the recognized manufacturers of medical gas system specialties. Manifolds
sold by acetylene systems for shop use may be prefabricated or field

fabricated. In either case, master pressure regulating devices must be
used at some point between the cylinders and the house supply line. Mani-
fold construction and materials shall be as for the piping systems.

Oxygen and Nitrous Oxide: Oxygen is probably the best known of all medi-
cal gases but not often thought of in industrial use. Many large metal
working shops pipe oxygen, along with acetylene, for gas welding and
cutting use. Oxygen gas is odorless, colorless, tasteless and non toxic.
Oxygen, by itself is nonflammable but supports and enhances combustion.

Nitrous oxide is also considered a hazardous gas since it too enhances

combustion. Suggested regulations and practices for oxygen piping also
apply to nitrous oxide.

Nitrous oxide is used as an anesthetic gas piped from a central cylinder
system. This gas is usually restricted to surgery areas where it is
commonly used.

Nitrogen piping systems should be installed the same as for oxygen piping
except for more stringent requirements for pipe protection. Nitrogen is
normally used in cast rooms to power bone saws.

All medical gas systems, regardless of the gas use, must be kept scrupu-
lously clean inside throughout the entire installation. Careful inspec-
tion is necessary ;here.
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(Refer to paragraph 415 of #56F-15) Recent accidents involving nitrous
oxide have caused some cities to adopt more rigid regulations regarding
protection of both oxygen and nitrous oxide piping. Thin wall electric
metal tubing (EMT) is required as a conduit in nearly all locations:
this includes above ceilings, in walls, in tunnels, and all areas where
a possibility of damage exists perpetrated by unauthorized persons.

Hydrogen: Hydrogen is a flammable gas. It is colorless, odorless, taste-
less and non-toxic. Central storage may include either cylinders or bulk.
Since this gas is flammable, the NFPA recommends special fireproof con-
struction for in house cylinder storage and a separate detached facility
for a bulk storage tank.

Piping practices are much the same as for oxygen. Testing should also be
similar to oxygen.

Acetylene and Oxygen: Acetylene and oxygen central distribution systems
are used in metal shops for gas torch burning and welding systems. Steel

piping is used for distribution since it could easily be subject to abuse.
NFPA manual 51 describes the installation of these systems beginning with
Chapter 4. Excerpts from this publication follow those from NFPA manual
#56F-15.

Medical Vacuum: Most medical vacuum systems use type K soft temper copper
with wrought copper or cast brass fittings. Water is rarely taken through
this piping since separator bottles are used at eacE inlet station. Some

specifications require that this piping be graded so it would be possible
to flush and achieve gravity drainage. When so specified care must be
taken to insure that the Contractor abides by the provisions of the
specification.

Zoning valves are often used to facilitate branch piping isolation for
extension or service. Ferrous pipe hangers, as on all copper piping
systems must be isolated at contact points from the piping.

Listed below are piping specifications suggested by Ohio Chemical Company.

Piping Materials:

1. Piping: Concealed piping shall be seamless copper tubing, type K
soft temper. ASTM designation No. B-88 for assembly with braze-
joint fittings.

Exposed piping shall be seamless copper tubing, type K, hard temper,
ASTM designation No. B-88 for braze-joint fitting.
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2. Fittings: Fittings for copper tubing (hard or soft temper) shall be
wrought copper, brass or bronze designed expressly for brazing.

3. Brazing Alloy: For assembling braze-joint fittings Aircosil 45 silver
brazing alloy, or a brazing alloy of equivalent melting point and
physical properties shall be used.

4. Flux: Aircosil flux, or equal, shall be employed. Borax and alcohol
mixtures or resin and similar flux shall not be used.

Fabrication:

1. Cleaning: Before erection, all pipe, valves, and fittings shall be
examined for dirt and grease. If cleaning is required, use a hot solu-
tion of sodium carbonate or trisodium phosphate mixed in the propor-
tions of one pound to three gallons of water. After washing, rinse
parts in clean hot water.

2. Pipe and Tubing Joints: All joints in the pipe and tubing, except
those at equipment requiring screwed connections, shall be made with
bronze braze-joint type wrought fittings. Suitable adapters shall be
employed for the installation of equipment provided with threaded
connections.

All brazed connections shall be made with the type of brazing alloy
and flux specified in "Piping Materials", items 3 and 4. The joining
process shall be that recommended by the manufacturer of the pipe or
tubing and fittings. Avoid leaving excess flux inside of pipe and
fittings.

Brush flux back over entire end of fitting all around. This prevents
oxidation of the end. Wash joints with hot water after assembly to
crack and wash off flux. Use a wire brush if necessary.

*3, Screwed Connections: (A thin paste of litharge and glycerine shall be
applied to the external threads only.) Leave first thread clean if
possible. Use of excess glycerine shall be avoided. Key Abso-Lute,
oxygen sealing compound can be employed.

4. Bends: All changes in direction requiring turns at offsets of radius
less than five times the pipe or tubing outside diameter shall be made
by Wal-seal or braze-type wrought copper, brass or bronze fittings or
by pipe or tubing shaped by bending tools. All bends shall be free
from any appreciable flattening, buckling or thinning of the tube wall
at any point.

*Authors Note: Litharge (lead monoxide) and glycerine are no longer
recommended for use here. A non-hardening thread lubricant by 3M is advised.
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5. Erection: All pipe and tubing shall be cut accurately to measure-
ments obtained at the site of the system and shall be installed with-
out springing or forcing. All pipe and tubing shall be protected
against mechanical injury in a manner satisfactory to authorities
having jurisdiction.

6. Supports: To be spaced correctly for adequate support of all lines
so that the weight shall be on the supports and not the joints.

For horizontal piping 3/4 inch and larger, supports to be 10 feet
apart. For 1/2 inch, they shall be 6 to 8 feet apart. On vertical
lines the supports to be one to each story for piping one inch and
smaller, and one support for each two stories for larger piping.

Testing:

After installation of the piping, but before attaching the vacuum line to
the vacuum pump and before installation of the station outlet valves, the
line shall be blown clear by means of (water-pumped) oil-free nitrogen or
air.

Upon completion, the entire system, with outlets in place, shall be sub-
jected to a test pressure of 150 psi, for a period of 24 hours, by means
of water-pumped (oil-free) nitrogen or air. No pressure drop will be
permitted except that due to temperature change.

If the system is found to be leaking, check each joint with a solution
of soapy water. All leaks shall be properly repaired and the system
retested.

Medical Air:

Air for inhalation therapy is rapidly growing in use in hospitals. Pipe
installations are essentially the same as for oxygen without the necessity
of hazard protection. Valves are located in accessible valve boxes along-
side the oxygen and nitrous oxide zone valves.

The specifications suggested for this system are the same as those speci-
fied for the medical vacuum system.

Floor Vacuum:

Floor vacuum systems may be either dry or wet-dry. The latter is intended
to handle water vacuumed up from the floor during a wet mop floor cleaning
operation. This system must slope continuously to a moisture separator
and accumulation tank installed ahead of the vacuum pump; the code require-
metns for a drainage line installation apply.
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Copper or plastic tubing with drainage type long sweep fittings, is usually
used for the wet-dry system with plastic or steel tubing applicable to the
dry systems. Long sweep fittings are used for the dry system. Valves are
not normally installed although a 100% area ball valve or plug cock could
be used.

Specifications usually call for an air pressure test of 50 psi or less.
Fittings are bubble tested with a soapy water solution and pressure sus-
tained for 8 hours.

The dry vacuum systems are gaining popularity for residential use and also
in other buildings where frequent cleaning is required.

NOTE: It is prudent here to reiterate the primary precaution in oxygen
piping: KEEP ALL OIL AND GREASE FROM ENTERING THE OXYGEN SYSTEM.
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MEDICAL GAS OUTLET CUTAWAY

.411_ s

B

A

When not in use, this is the non-flowing condition of a
gas outlet installed in hospital wall. Poppet "A" main-
tains gas seal, utilizing 0-Ring "B". Valve body seal is
maintained by 0-Ring "C".

Nose "D" of the inserted adapter has moved poppet "A
inward, through 0-Ring seal, and gas flows through the
adapter. Leakproof seal of adapter id accomplished
around the 0-Ring encircling the barrel. Marring and
nicking of adapter nose does not minimize effectiveness
since the adapter is not of nose seating design.

Note the normally open position of the secondary check valve "E",
as contrasted to its closed position during maintenance in the follow
ing illustration.

111..=iprm
WW4WW, Mow

--

Upon removal of primary valve body ("F" above), for
maintenance; release-of restraint exerted by spring and
button against alloondery check valve "E" allows line
pressure to,-Olove the. secondary check valve Into its
seat, sealing gasiois during period of maintenance

BAYONET CONNECTOR

"QUICK-DISS" CONNECTORS

Fig. 13-2 Medical Gas Accessories
-219-
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CHAPTER 14

FIRE PROTECTION SYSTEMS

General:

The most common method of fire protection involves the use of water. Since
the water is conveyed in pipes, it is considered plumbing. All discussion
and laws of physics affecting water and its distribution apply to fire
protection systems.

Fire hydrants on city streets or in suburban areas are generally a part of
the utility system and come under the jurisdiction of the local Fire
District.

The fire protection system will vary depending on the size of the building
and the type of occupancy. Some types of buildings may not require a sys-
tem based on the national or local fire codes, but the Owner may request
it for the protection of property or for a better fire insurance rate.
The protection may consist of a standpipe system with hose outlets, or it
may be a sprinklered system consisting of automatic sprinklers that dis-
charge water automatically when the air temperature around any of them
'eaches a predetermined level. A fusible link melts to open the head, or
to actuate a central valve. Some systems involve the use of chemicals.

All fire protection systems, whether simple or complex should be designed
and inspected in accordance with the recommendations of the National Board
of Fire Underwriters, and the codes of the National Fire Protection Assoc-
iation.

The National Fire Protection Association publishes over 60 pamphlets
setting forth criteria and specifying workmanship and materials for many
types of occupancies from office buildings to warehouses.

Fire Standpipe System:

This is the most common type and consists of vertical riser pipes with
hose connections at strategic points throughout the building. The 2-1/2
inch hose is 100 feet in length so the pipes can be located where they are
not conspicuous. The standpipes are usually filled with water if they are
not subject to freezing, leaks, vandalism, or other objection. The stand-
pipes should be located where they are readily accessible in case of fire.
This means that they are placed in smoke towers or near a fire escape.

The Owner may request additional facilities to the standpipe system which
exceed the code requirements. The usual request is for small stream hose
stations, which can be readily used by the building occupants. This fire
hose is 1-1/2 in. diameter, with a 3/8 or 1/2 in. nozzle. This first aid
(1-1/2 in.) hose as it is called, must be connected to a standpipe that
is filled with water under pressure at all times.

-220-



The following is quoted from the National Board of Fire Underwriters
regarding interior supplies:

Minimum supplies for use by fire department or specially
trained men (2-1/2 in. hose and 1-1/8-in. nozzle) shall
be calculated upon the basis of not less than 250 gpm
for each standpipe riser. Capacity of supplies should
be such that for a period of 1 hr. there will be avail-
able a pressure of at least 50 lb. at topmost 2-1/2 in.
outlet (not including roof outlet) while water is being
discharged through 50 ft. of 2-1/2 in. cotton rubber-
lined hose and a 1-1/8-in. nozzle from the topmost out-
let. When the supply is from fire pump or tank, the
minimum sizes which should be recognized are: Approved
fire pump, 500 gpm; pressure tank, 4,500 gal; gravity
tank, 5,000 gal. with bottom elevated 40 ft. above
highest hose outlet.

Minimum supplies for standpipes for use by occupants of
buildings as first-aid fire protection, shall be cal-
culated on the basis of 100 gpm. flowing with 25-1b.
pressure at highest hose outlet. This will afford two
good first aid streams simultaneously. Supply may be
from adequate city waterworks system, fire pump, from
supplies for large standpipe systems, pressure tanks,
and/or gravity tanks elevated 25 ft. above highest hose
outlet. Minimum supplies shall conform to those re-
quired for large (2-1/2-in.) hose, except that when
supply is furnished by a domestic gravity tank a mini-
mum of 3,000 gal. of water shall be reserved exclusively
for fire protection.

The following excerpts from the publications of the National Board of
Fire Underwriters constitutes the basis for design of standpipe systems
and are those generally incorporated in local codes. This information
is given so that the Inspector will have some familiarity with the sub-
ject and perhaps explain why certain design is followed in the plaos and
specifications; fire codes should be consulted for more comprehensive'
design data.

For standpipes supplying two small fire streams, with
1/2-in nozzles or smaller, with a combined discharge
of not more than 100 gpm; and for buildings not more
than four stories or 50 ft. high, use 2-in. standpipes;
and for buildings higher than four stories, use 2-1/2
in. pipes. For standpipes supplying 2-1/2-in. hose
with 1- to 1-1/8-in. nozzles; and for buildings not
more than six stories or 75 ft. high, use 4-in. pipes;
and for higher buildings use 6-in. pipe.
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Standpipe Connections:

Connections from gravity tanks (on buildings) and pressure
tanks should be made to the top of the standpipe system
except where the tanks are used as a supply to standpipes
in several buildings or sections of a building, in which
cases they should be made at the base of the standpipes.
Connections to standpipes for the larger streams shall
be at least 4 in. Those to standpipes for the smaller
streams shall be at least 2-1/2 in.

Connections from fire pumps and sources outside the
building should be made at the base of the standpipes.
The connections from each supply shall be large enough
to deliver its full rated capacity without excessive
friction losses.

Where two or more standpipes are installed in the same
building or section of a building they should be inter-
connected at the bottom. Where standpipes in a single

building are supplies by tanks they should be inter-
connected at the top.

Valves and Fittings:

Connections to each water supply, except fire department
hose connections, should be provided with an approved
gate and check valve located close to the supply, as at
tank, pump, and the connection from the waterworks sys-
tem. Where the water supply feeds the standpipes in
more than one building or section of a building, the
check valves should be placed in a safe position in the
underground connections or where not exposed to danger
from fire or falling buildings.

Where there is more than one standpipe in a single
building, each standpipe riser should be controlled by
an approved gate valve located at the base of the riser.

Connections to public waterworks should, where feasible,
be controlled by post indicator valves of an approved
type and located not less than 40 ft. from the building
protected; or if this cannot be done, placed where they
will be readily accessible in case of fire and not sub-
ject to injury. Where post indicator valves cannot
readily be used, as in a city block, underground gates
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should conform to the above as far as possible and their
locations and directions to open be plainly marked on the
buildings. All post indicator valves should be plainly
marked with the service they control.

Where the standpipes are supplied from a yard main or
header in another building, the connection should be pro-
vided with an approved outside post indicator valve at a
safe distance from the building or an approved indicator
valve at the header.

Fire department hose connections shall be provided with
an approved straightway check valve located in the build-
ing or valve pit, but not with a gate valve. Piping be-
tween the check valve and outside hose connections shall
be arranged to drain automatically.

Gate and check valves shall be of the approved extra-
heavy flanged pattern where the pressures are in excess
of 150 psi or where the pressures are likely to be in
excess of this amount, if reqmred by the inspection
department having jurisdiction.

Fittings should be of the flanged pattern for sizes in
excess of 6 in. Screwed fittings may be used for the
smaller sizes but are not recommended on account of the
difficulty in making tight joints.

Fittings in the main wate connections to standpipes
shall be of the long-turn pattern.

Approved expansion joints should be provided where
necessary.

Pipe Drains:

The system should be provided with a system of drain
pipes large enough to carry off the water from the open
drains while they are discharging under pressure.

The drains should be so arranged as to be free from the
possibility of causing water damage and not exposed to
freezing. If practicable, the drain should be so
arranged that the discharge will be visible from the
point of operation on the drain valve.
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Tests and Maintenance:

At the time of installation standpipe systems shall be
tested and proved tight at a hydrostatic pressure at
least 25 per cent in excess of the highest normal work-
ing pressure to which they will be subjected. Tests
should be for 2-hr. duration and pressure should be
taken at the base of the system.

NOTE: Where standpipes or connections are built in
the walls or partitions the above tests should be
made before they are covered in or permanently
concealed.

Annual tests of standpipe systems shall be made by
delivering the required quantity of water at the
required pressure through hose lines from the top-
most outlet of the standpipe.

NOTE: In old systems a tolerance of 10 per cent in
quantity delivered is satisfactory; greater deficien-
cies demand attention.

Old dry systems should be tested with air at a pres-
sure not exceeding 25 lb. to determine their tight-
ness before water is turned into them.

NOTE: This test is suggested to avoid water damage
to buildings in the event that pipes have broken or
become disconnected.

Sprinkler Systems:

The Plumber is the artisan who is responsible for the installation and
maintenance of the sprinkler system. The plans and specifications are a
part of the complete set in new construction, or the Owner may contract
separately, if it is renovation, and no great amount of architectural
work is involved.

The design and installation of sprinkler systems in large structures is
highly specialized and is usually done by Specialty (Sprinkler) Contrac-
tors who are thoroughly familiar with such work; they cooperate closely
with the Insurance Services Organization (ISO), Factory Mutual, and other ratin
agencies, and rely on them for the proper evaluation of the systems. The
fire rates for the structures are based on the completeness of the pro-
tection. The plans must be stamped approved, the final installation must
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be inspected, and the maintenance procedures must be proper. The Con-

tractor must be licensed for this type of work. This is done to provide
uniformity on such installations.

Sprinklers quickly supply water to the fire before it can gain headway.
Complete systems are provided with an alarm gong, or may be connected to
the fire station by leased telephone line, so that the alarm :Ls given as
soon as water starts to flow in the pipe. One sprinkler discharging is
enough to set off the alarm; these are usually the water motor alarm type.

Sprinkler systems are classified as:

1. Wet-pipe system, which is defined as a system employing
automatic sprinklers attached to a piping system con-
taining water and connected to a water supply so that
water discharges immediately from sprinklers opened by
a fire.

2. Dry-pipe system, which is defined as a system employing
automatic sprinklers attached to a piping system con-
taining air under pressure, the release of which air
from the opening of sprinklers permits the water pres-
sure to open a valve known as a "dry-pipe valve." The

water then flows into the piping system and out the
opened sprinklers.

This type of system is only used where the wet-pipe sys-
tem is impracticable, as in areas subject to freezing.

This is a more complicated type of system.

3 Pre-action system, which is defined as a system employ-
ing automatic sprinklers attached to a piping system
containing air that may or may not be under pressure,
with a supplemental heat responsive system of generally
more sensitive characteristics than the automatic sprin-
klers themselves, installed in the same areas as the
sprinklers; actuation of the heat responsive system, as
from a fire, opens a valve which permits water to flow
into the sprinkler piping system and to be discharged
from any sprinklers which may be open.

4 Deluge system, which is defined as a system employing
open sprinklers attached to a piping system connected
to a water supply through a valve which is opened by
the operation of a heat responsive system installed in
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the same areas as the sprinklers. When this valve opens,
water flows into the piping system and discharges from
all sprinklers attached thereto.

This system floods an entire area in response to a heat
sensitive device and may be used in a highly flammable
process area.

Systems are classified also by the type of occupancy as:

1. Light hazard, such as apartments, dormitories, schools,
or office buildings.

2. Ordinary hazard, such as dry cleaning plants, restaur-
ants, theatres and auditoriums.

3. Extra hazard, such as paint shops, aircraft hangers,
and other occupancies involving processing.

Combination of the above systems may be used on a single structure, such
as a manufacturing plant.

Sprinkler systems, employing water pressure, are only as efficient as the
water quantity and pressure available. The NBFU has rigid standards re-
garding water supplies and pressures. This is fully covered in the

literature.

Tests:

The following recommendation is made by NBFU with respect to testing
sprinkler systems after installation.

All systems including yard piping should be tested at not
less than 200 psi for 2 hr. or at 50 psi in excess of the
normal pressure when the normal pressure is in excess of
150 psi. Emergency tests of dry-pipe systems, under at
least 50 psi. air pressure, should be made at seasons of
the year which will not permit testing out under water
pressure.

Branches from underground mains to inside sprinklers
should be flushed out before connecting the sprinkler
riser.

Piping between the check valve in the fire department in-
let pipe and the outside connection should be tested the
same as the balance of the system.

-226-



To prevent the possibility of serious water damage in case
of a break, pressure should be maintained by a small pump,
the main controlling gate being meanwhile kept shut.

In the case of dry systems with a differential type of dry-
pipe valve, the valve should be held off its seat during
the test to prevent injuring the valve.

In dry systems an air pressure of 40 psi should be pumped
up, allowed to stand 24 hr., and all leaks stopped which
allow a loss of pressure of over 1-1/2 psi for the 24 hr.

A working test of the dry-pipe valve should be made, if
possible, before acceptance.

In addition to those systems using water as the fire fighting medium,
there are specialized piping systems using carbon dioxide, or some other
chemical, where water is not practical, as fires in an electric sub-
station, or transformer space, or where water would cause untold damage.
Airplane fires, or oil fires, are other examples. Portable fire exting-
uishers are also the chemical type in most cases.

The standpipe systems described herein are usually designed by competent
engineers and the plans and specifications are complete.

Contractors:

The sprinkler systems, if the project is fairly large, are bid by spec-
ialty Sprinkler Contractors. The successful bidder will prepare his own
complete working plans from the layouts shown in the bid plans and spec-
ifications. These plans then are approved by the Rating Bureau before
installation is started; they are also approved by the Architect/Engineer
and the Owner.

The plans prepared by the Sprinkler Contractor are thorough and include
dimensional lengths of pipe for the system with lists of valves, heads,
and specialty items shown. The large pipe is all prefabricated and
marked at the Contractor's shop, which in some cases may be several hun-
dred miles away. The plumbing fitters who install the piping systems are
usually "old hands" at such work, and know their specialty thoroughly.

Responsibility:

The big responsibility of the Inspector is to insure that the crafts are
cooperating fully in the installation of the various piping systems.
The spaces above ceilings and in chases are limited. A single line
piping diagram may not adequately show the actual space required for an
insulated pipe or sheet-metal duct. Drainage lines must slope continuously,
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and fire sprinkler mains must be installed for proper drainage. The In-
spector should insist that no piping be installed until space allocations
are checked and that the designated pipes will fit in the space allotted
on the architectural plans. No matter how conscientiously the plans are
prepared, there is always a chance for error; the Inspector can be help-
ful to all concerned by calling attention to potential trouble spots.

Outline:

The following outline of FIRE PROTECTION SYSTEMS will serve as a good
review of this important subject. The student may wish to refer to the
NFPA Bulletin which discusses in detail the subject touched upon in the
outline.
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FIRE PROTECTION SYSTEMS - OUTLINE

Manual Systems

a. Fire hydrants

2 1/2" hose and 4" pumper connections
Wet and dry barrel types
Fire department preferences
Shut-off valves
Break-off sections
Height above grade adjusted with bury and/or spool pieces

b. Fire hose cabinets - wet standpipes

Various types of hoses and varying lengths
Stream and spray nozzles
1 1/2" and 2 1/2" valves standard black pipe
Insurance Underwriter or building code requirements
Cabinet and door styles
Space for extinguishers

c. Dry standpipes

Hose connections on each floor above 1st. floor in stoke tower
Fire department connections and drain
Roof'siameze outlet
300 lb. test pressure galvanized steel pipe

d. Fire extinguishers

A, B, C and dry chemical
Various sizes and capacity ratings
Cabinet and door styles

II. Automatic Systems

a. Fixed temperature systems

Fire detected .and system activated by fusible link t.:'rinkler
at fixed temperature.

1. Wet pipe system

Control valve
Alarm check - water motor gong
Fire department connection
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Main drain valve
Electric bell flow switch
Water where no danger of freezing
Anti-freeze solution where subject to low temperatures

2. Dry pipe system

Similar to wet pipe except with air pressure in pipes
operation:

(a) Heat from fire melts link in sprinkler
(b) Air pressure escapes thru fused sprinkler
(c) Reduced pressure in pipe allows check valve to open
(d) Opening of valve starts alarm
(e) Water flows thru fused sprinkler to extinguish fire
(f) If air pressure fails, signal is given by low pressure

alarm

b. Rate-of-temperature-rise Systems

Fire detected and system activated by heat actuated devices,
responsibe to abnormally rapid temperature rise.

1. Pre-action system

Sprinklers and piping similar to dry pipe system
Closed automatic sprinklers
Heat actuated devices (HAD) located at ceiling and spaced
per listing

If rate-of-rise is greater than vent will allow air to
escape, valve is opened
Increased heat rises pneumatic pressure in HAD piping
Open valve fills piping with water and sounds alarm
If fire continues, sprinkler is fused and extinguishes
fire

Supervision of air system - alarm sounds if failure
occurs

Accidental breakage of sprinkler or piping will not
cause water damage

Loss of air pressure releases valve but closed sprinklers
contain water within system, water flow alarm sounds.

2. Deluge System

Sprinklers open rapid extinguishment of fast-spreading
fires

Uniform water coverage through exact flow calculations
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Areas of large buildings zoned
Entire zone deluged with water when fire is detected
Rate-of-rise system same as pre-action system
Thermo-pneumatic system supervised. Alarm with failure
Water flow causes alarm

c. Fire-Fog Systems

Basically a deluge system with fog nozzle sprinklers used in
extreme hazards (explosives, propane storage, cracking units,
etc.) Many times a spot protection, rather than full building
coverage.

III. Special Systems

a. Air-Foam Systems

Used where water supply is limited, where water drainage is
problem, or where water might be undesirable.
Foam smothers fire rather than cooling flammable below
ignition temperature as does water

Systems may be activated manually or automatically

b CO
2

System

Liquid CO
2

stored under pressure is released and forms dense

cloud of finely divided dry ice particles at minus 110° F.

Thus, a very effective extinguisher.

Non-conductor of electricity
No residue
Manual or rate-of-rise activated - can operate alarms
Usually for localized small areas

c. Dry Chemical Systems

Similar in application to CO
2

and used in same kinds of hazards

Relatively new Halogen requires much less storage volume because
of greater expansion upon release

Halogen is not so dangerous as CO
2

to occupants.

d. Chemical Foam Systems

Similar to air foam except chemical foam consists of bubbles of
CO

2
rather than air bubbles

-231-



Chemical foam is formed by mixing bicarbonate of soda with
aluminum sulphate solution and a stabilizer

These systems largely being replaced with air-foam

IV. Methods of Fire Detection

a. Fixed temperature detection

Fusible links
Fixed temperature thermostats

b. Rate-of-Rise devices

Heat actuated devices
With supervision, the safest and surest method

c. Smoke detection

Photo-electric cell
Detector transmits signal to control panel

d. Flame or flash detection

Photo-electric cell
For detection in extremely hazardous occupancies
(Coupled with fire-fog system, can extinguish fire in less than
a second)

e. Ion particles detection and vapor detection

Samples air (as in ducts)
Sounds alarm, shuts down blower, etc. as particles or explosive
vapors reach a predetermined maximum.
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Potter-Roemer supplies a complete line of the
finest U/L and FM approved portable fire ex- Class at Fire Type of Hazard Recommended Extinguisher

Series 2400

11,1
1

Series 3400

Extingu isher

Potter-Roemer offers a complete selection of cabi-
nets for fire hose and extinguishers. By following the
six steps outlined below, you will be able to select
the cabinet and accessories required without fear
of leaving out any items.

1. Select cabinet style:
SERIES 2100: Cabinets for one angle valve and a
fire hose rack assembly.
SERIES 2200: Cabinets for one angle valve, a fire
hose-rack assembly. and a fire extinguisher.
SERIES 2300: Cabinets for one angle valve, a fire
hose rack assembly, and a fire department valve.
SERIES 2400: Cabinets for one angle valve, a fire
hose rack assembly, a fire department valve and a
fire extinguisher.
SERIES 2500: Bubble -type cabinets for use in 2 x 4
stud wallsaccommodates one 11/2" angle valve, a
hose rack assembly and a fire extinguisher.
SERIES 2700: Fire extinguisher cabinets.
SERIES 3100: U/L listed and FM approved cabinets
for one angle valve and a fire hose.
SERIES 3200: U/L listed and FM approved cabi-
nets for one angle valve, a fire hose and a fire extin-
guisher.
SERIES 3300: U/L listed and FM approved cabi-
nets for one angle valve, a fire hose and a fire
department valve.
SERIES 3400: U/L listed and FM approved cabi-
nets for one angle valve, a fire hose. a fire department
valve and a fire extinguisher.

N.F.P.A. CLASSIFICATIONS PAMPHLET 010

tinguishers, engineered for cabinet installa- Class A Fire Paper, wood, cloth, Pressui ized water, ABC

tion, wall attachment or special placement rubbish, etc. dry chemical

within a building. Select the size and type you
Class B Fire Burning liquids Carbon Dioxide. Dry Chemical.need by the type of fire likely to occur.

gasoline, paint, oil, etc. ABC d, y chemical

Dry Chemical =sodium bicarbonate base.
ABC Dry Chemical =ammonium phosphate base.

Class C Fire Electrical Carboi Dioxide, Dry Cilemical,
ABC dty chemical

Fig. 14-1 Fire Extinguisher Cabinets
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Pctter-Hoerner otters a complete line of equipment for both dry and
combination standpipe systems. This equipment meets all code re-
quir:_.-nents for adequate fire protection for building of four or more
stories.
Be aware that listed below is the minimum uniform building code and
that large cities have their own individual building codes some of
which have more demanding requirements.
For assistance with the details of standpipe requirements in your
area contact your nearest Potter-Roemer representative.

Shown below are the minimum requirements of the 1970 Uniform
building code for buildings of four (4) or more stories.

Dry Standpipe Systems
Fire Department Connections
Height Pipe Size Inlet
0-75' 4" 2 way
75'-150' 6" 4 way

Model No.
290-2
290-4 or
292

Floor Outlets
21/2" Huse Gate Valves with cap & chain #281
Roof Outlets Pipe Size Outlet Model No.
0-75' 4" 2 way 296
75'-150' 6" 2 way 296

Combination Standpipe Systems
Are Department Connections
14e;ght Pipe Size Inlet
150' or higher 6" or larger *4 way
Floor Outlets
100' 21/2" Hose rack unit
Roof Outlets Pipe Size
150-Up 6"

Outlet
3 way

Model No.
292

403 AFD
Model No.
297

*3 or more risers on one system require two 4 way Connections.

SUGGESTED SPECIFICATIONS
1. For buildings 4 stories to 75' in height:

A. FIRE DEPT. CONNECTION: Potter-Roemer #290-2 4 two
way cast brass inlet siamese complete with 2'/2" spring
check inlet snoots, plug and chain and #291 brass beveled
nameplate lettered "DRY STANDPIPE" install vertically (or
horizontally) all exposed parts to be polished brass (or pol-

'ied chrome plate.)
e, FLOOR OUTLETS: Potter-Roemer #281 21/2" (or #290

3x2V2) 300# U/L listed hose gate valve with cap and chain.
Install #300 cast brass wall flange with set screw. Finish
to be polished brass (or polished chrome plated.) Handwheel
to be red enamel finish.

C. ROOF OUTLET: Potter-Roemer #296 4" two way cast
brass roof manifold. Each outlet shall be equipped with
300# U/L listed hose gate valves with cap and chain:
Finish to be rough brass.

2. For buildings 75' to 150' in height:
A. FIRE DEPT. CONNECTION: Potter-Roemer #292 6"

four way square cast brass inlet siamese complete with
21/2" spring check inlet snoots, plug and chain and #293
brass beveled nameplate lettered "DRY STANDPIPE"
All exposed parts to be polished brass (or polished chrome
plate )

B. FLOOR OUTLETS: Same as 118 above:
C. ROOF OUTLET: Potter-Roemer #296 6" two way cast

brass roof manifold. Each outlet shall be equipped with
300# U/L listed hose gate valves with cap and chain: Finish
to be rough brass.

Fig. 14-2

3. For buildings 150' or higher:
A. FIRE DEPT. CONNECTION: Potter-Roemer #292 6"four

way square cast brass inlet siamese* complete with 21/2"
spring check inlet snoots, plug and chain and #293 brass
beveled nameplate lettered "DRY STANDPIPE".
All exposed parts to be polished brass (or polished chrome
plate).
Three or more risers require 2 four way fire dept. connections.

B. FLOOR OUTLETS (1): Second thru fourth floor: Potter-
Roemer #157-U 21/2" 300 # U/L listed angle valve with cap
and chain. Install #300 cast brass wall flange with set
screw. Finish to be polished brass (or polished chrome
plated.)
(2) Fifth floor and above: Potter-Roemer #403 AFO re-
cessed cabinet with break glass door and lock. Potter -
Rot -mer #C-90 100' Hose rack assembly complete with
21/2" #158-U u/I valve 21/2" U/L labeled linen hose #199
2'/2" Drain Vent and 2112"x 12"x1" nozzle. 3" decal to read
"FIRE DEPT. USE ONLY" to be installed after final painting.

C. ROOF OUTLETS: Potter-Roemer #295 6" 3 way cast
brass roof manifold. Each outlet shall be equipped with
#157-U 21/2" 300# U/L listed angle valves with cap and
chain. Finish to be rough brass.

Standpipe Systems
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Hose Gate Valves (Cast Brass)
Female pipe thread inlet to make nose thread outlet, with
solid wedge disc, tapered seats, red iron band wheel, and
brass cap and chain. AvoituNe in r )ugh. satin or polished
brass, or chrome plated tini3h

No. 280 No. 280A
200 1b./300 lbs. Hose Gate Valve 200 lb. Hose Gate Valve

No. 294
Ronf Manifrild two way

Nn.4 I 1. 795
Roof Manifold three way

lets Gate
Valves Size A

Closed
8 C

Closed
B

Open

11

No.280 21/2"x 21/2" 61/2 121/2 21/2 15 171/2

No.280 3"x21/2" 7 121/2 23/4 151/e 18

No. 280 3"x3" 81/4 141/2 3 171/2 207/e

No. 280A I1/2"xl1/2" 45/8 7 11/2 81/2 81/2

No. 280A, 281 21/2 x 21/2" 61/2 103/4 21/2 131/4 131/4

No. 280A 3" x Ph" 7 11 23/4 133/4 135/e

No. 280 (Rising Stem) Sizes 21/2", 3"x21/2",* 3"x3"!
No. 280 A (Non-rising Stern) Sizes 11/2", 3"x2I/2",
No. 281 (Non-rising Stem) 21/2" size only
*U/L listed for 300 lb. rating

,

No. 281
300 lbs. U/L Hose Gate Valve

4.,

No. 296 No. 297
Rcof Manifold two way 904 Roof Manifold three way 90°

Roof Manifold Connections (Cast Brass)
These connections provide a means for attaching the re-
quired number of hose valves to the roof end of the
standpipe system.

No. 294-Two-way
4 x 21/2 x 21/2
4 x 3 x 3
5 x 21/2 x 21/2
5 x 3 x 3
6 x 21/2 x 21/2
6 x 3 x 3
8 x 21/2 x 21/2

No. 295 - Three -way
5x 21/2 x 2% x 21/2
5 x 3 x 3 x 3
6 x 21/4 x 21/2 x 21/2
6 x 3 x 3 x 3
8 x 21/2 x 21/2 x 21/2

No. 297-Three-way 90
5 x 21/2 x 21/2 a 21/2
5 x 3 x 3 x 3
6 x 21/2 x21/2 x 2 V2
6 x 3 x 3 x 3

Fig. 14-3 Standpipe Valves

Brass =S.A.E. Specificat.sn No.40 85 copper /5 zinc:5 tin /5 lead
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Four way (not shown)
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CHAPTER 15

STORMWATER AND SPECIAL WASTE SYSTEMS

This Chapter will discuss the collection system for storm water including
the subsoil and foundation drains; also special waste systems. Generally,
the rainwater will be discharged into an underground drain leading to a
storm water main in the street. In some areas it is still permissible to
discharge into the sanitary sewer where storm water and sewage is com-
bined. Refer to Chapter 7, Utilities, for the underground system outside
the building or to Chapter 16, Landscape Piping.

The types of material used to collect the water will vary greatly, de-
pending on the costs of material and the use of the building. Usually,
galvanized steel, cast-iron, copper tubing, or plastic pipe are the
choices. Local codes will determine the final selection. Rain leaders
are usually enclosed within the building for the sake of appearance,
safety, or less possibility of freezing. Since they are designed to run
full at maximum rainfall, they must be supported more substantially than
sanitary piping. It is very important that the roof drains have pro-
vision for a watertight attachment to the surface being drained and to
the roof or planter drain. If the leaders are placed outside, they are
frequently fabricated from sheetmetal and connected to the roof gutter.
This method is used for shingle roofs and the less expensive types of
building construction. Where the sheetmetal leader connects to an under-
ground main, an extension should be made above ground to a height of 5
to 6 feet with cast-iron or galvanized iron pipe for protection from
damage.

If the rainwater leaders connect to a sanitary sewer it is essential that
a trap be provided unless the piping is gas tight and terminates at a
roof drain where objectionable odors will not be a problem. Sewer gas
will discharge through the leader the same as through a vent. Any trap
installed must be accessible. If a rainwater leader connects to a house
sewer there is a danger of flooding if A stoppage occurs in the sewer and
a fixture is at a level which will be susceptible to overflow.

Foundation or subsoil drains are properly a part of the storm drain or
clear water collection system and ultimately will discharge into the
storm sewer or combination sewer. The purpose is to prevent water from
entering the building or to relieve the upward pressure on floors which
are at a lower elevation than the surrounding grade. The subsoil drain,
synonymous with foundation drain, may consist of terra cotta, perforated
terra cotta, or bituminous fiber pipe, or perforated plastic pipe; other
materials may also be used which are allowable by code and economically
feasible for gathering water. The foundation drain should be held out a
minimum of 3 feet from the foundation wall and it should be out as far hori-
zontally as it is vertically below the wall. This is to prevent disturbing
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the compaction of the soil below the footing. The pipe is surrounded
with clean gravel to a point at least 1 foot above the pipe, then back-
filled for the remainder with larger gravel or other porous material. A
subsoil drain should not be connected directly to a sanitary sewer. Even
if a backwater valve is used, it is subject to clogging and will not do
a satisfactory job. If a connection must be made to the sewer, then the
subsoil drains should discharge into an open sump and the sump in turn
should be connected through a trap to the sewer. Sumps for the collec-
tion of rainwater do not require vents. The subsoil drains shall be pro-
vided with cleanouts located in accessible places so that any stoppage
can be cleared. They shall be placed where a stoppage is most likely to
occur.

Any clear waste water which is uncontaminated may also discharge into the
storm piping if allowed by local codes. Drain lines from the drip pans
of air conditioning coils, cooling tower drains, and other such dis-
charges can all be connected to the storm system.

It is common practice in tall buildings to provide expansion joints near
the roof drains. This is done to reduce any strain between the piping
and the structure. If the piping can be offset from the drain to the
vertical leader an expansion joint may not be required.

Roof drain manufacturers have been alert to the many materials now used
in roof construction, and to the variety of insulations and coverings
being used on roofs. Preformed steel decks, thin shell concrete, and
precast concrete slabs have all required some modifications or additions
to the drains previously used in wood plank roofs.

The steel deck requires that a hole be cut for the drain. Care must be
taken to assure that the roof is not weakened in the process and that
reinforcement is provided if needed. A clamping ring is required to
hold the drain in place.

Special types of tar and gravel roofs may require a special dam around
the drain to keep the hot tar from running into the drain opening. The
Inspector should watch the installation carefully to insure that the
manufacturer's instructions are followed carefully. Leaks around the
drains, or a stopped up drain due to insulation, tar and gravel debris
can prove to be very costly. Refer to a typical roof drain installation
at the end of this Chapter.

In addition to the storm water waste system, provision must frequently
be made for the conveying and discharge of special wastes which may be
of various categories. The materials to be discharged are generally
classified as being a hazard to public health and safety. Acid or radio-
active wastes from laboratories, or disease carrying waste which are
contagious from hospitals require special treatment.
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Industrial wastes, a branch of special wastes, may contain materials that
would damage the public sewer system if conditions were right.

Greasy or oily wastes from a garage, or wash rack, will deposit on the
inner surfaces of the piping and in time restrict or stop the flow.
Spilled gasoline, or cleaning fluids may be volatile and present an
explosion hazard if proper ventilation is not provided.

Disease carrying wastes frequently must be sterilized at high tempera-
tures to eliminate the f'anger of an epidemic.

The discharge from boiler blowoff tanks, is extremely hot, and will
loosen joints in the piping due to expansion and contraction.

In order to prevent the harmful effects of special or industrical wastes
to health, safety, or the physical facilities, holding basins variously
called sumps, pits, grease or oil interceptors, condensing tanks, or sed-
iment interceptors, are installed in the lines where the waste is inter-
cepted, and the harmful ingredients treated or removed before discharge
into the sewer lines.

The design of such facilities vary greatly, and usually will be detailed
on the plans or spelled out in the specifications. The instructions for
installing such facilities should be closely followed in order that they
will be effective.

Usually, it is preferable to locate the intercepting or neutralizing
devise as close to the source of contamination as possible.

Beauty parlors, for instance, should have special traps at each sink to
catch hair before it gets into the branch lines.

Grease traps from restaurants, kitchens, or butcher shops should be loca-
ted near enough to the source so the grease or fat will not congeal in
the lines before reaching the interceptors (this type of interceptor dis-
charges into the sanitary sewer).

Blowoff tanks may be equipped with a cold water supply to hasten the
cooling of the blowoff water which is at a high temperature.

A most important consideration in the placement, of course. is that the
sumps or devices shall be readily accessible for cleaning or inspection,
properly vented if required, and adequate for the purpose. The Inspector
should be alert to the restrictions necessary for a proper installation.
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Indirect wastes are required by code for certain types of discharge. This

type of waste provides for an air gap between the discharge and the re-
ceptacle which connects to the drainage system. It may be a funnel drain
which extends above the floor line, or even a service sink.

Code restrictions usually require that equipment which is used to prepare,
store and serve food; discharge from medical equipment, such as medical
sterilizers; any kind of mechanical equipment such as drains from air con-
ditioning units, or fire protection systems; and piping systems under
pressure, must all drain through indirect wastes which provide the air
gap feature. The end of the outlet must be located above the overflow
rim of the fixture, and spill across the air gap. The air gap insures
that the sewage cannot enter the lines even if there is a stoppage in the
building drainage system. The air gap also serves the purpose of a vis-
ual means of determining if the flow is correct.

Occasionally floor drains are used as indirect wastes, but generally are
not acceptable because the water strikes the grating of the floor drain,
splashes and causes an unsanitary condition around the drain. Open drains,

like a funnel drein, are not installed at floor level, because they soon
become stopped up from dirt and trash drained into it. Floor sinks, so-
called, are popular in restaurant kitchens, and refrigeration rooms where
several wastes can discharge into a common fixture. They normally are
about 1 foot. square, 8 inches deep, and are designed to set about 1-1/2
to 2 inches above the floor. Some are equipped with removable grates,
and are enameled iron for sanitary reasons.

Often, portions of the clear water waste system will be below the level
of the sewer and it will not be possible to drain by gravity. This may
be true of inundation drains, areaway drains, refrigerator drains, or
others. Pumping is then necessary to get the waste to an elevation so
that it can drain by gravity.

The sump pump installation, automatically controlled by float or other
means, must be used. The size and complexity of the installation will
depend on the amount of water. The sump may be cast-iron, or frequently
is constructed of reinforced concrete. The pump or pumps are of centri-
fugal design and may be single, or two pumps may be used. The installa-
tion is similar to that for sewage ejectors. Refer to Chapter 9,
Drainage Systems.

The Inspector should insist that the rain leader lines, floor drains, and
other open piping is plugged during construction so that debris, such as
gravel, plaster, or paper do not clog them prior to finish work in the
building. It is the Plumbing Contractor's responsibility to protect his
work during construction.
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Rainwater Systems
General

The purpose of this appendix is to provide drainage from roof
areas, courts and court yards where it is necessary to collect
storm water and deliver to an approved point of disposal not in
conflict with other ordinances or regulations.

Part A

Rainwater Systems
D1.0 Materials:
(a) Rainwater piping placed within the interior of a building

or run within a vent or shaft shall be of cast iron, galvanized
steel, wrought iron, brass, copper or lead or other approved
materials.

(b) Rainwater piping located on the exterior of a building shall
be not less than 26 ga. galvanized sheet metal. When the
conductor is connected to a building storm drain or storm
sewer, a drain connection shall be extended above the
finished grade and jointed at a point protected from injury.

(c) Rainwater piping located underground within a building
shall be of service weight cast iron soil pipe or Type L
copper tube.

(d) Rainwater piping commencing two (2) feet from exterior of
a building may be of any approved material permitted in
the Installation Requirements of this Code.

D1.1
(a) Rainwater piping shall not be used as soil, waste or vent

pipes nor shall a soil, waste or vent line be used as a rain-
water pipe.

(b) Rainwater piping installed in locations where they may be
subjected to damage shall be protected.

(c) Roof drains, overflow drains, and rainwater piping when
concealed within the corit.-uction of the building, shall be
tested in conformity with the provisions of this code for
testing drain, waste and vent systems.

Part

Roof Drains

D2.0 Materials: Roof drains shall be of cast iron, copper, lead
or other corrosion resisting material.

D2.1 Strainers:
(a) Roof drains shall be equipped with strainers extending not

less than four (4) inches above the surface of the roof

immediately adjacent to the drain. Strainers shall have a
minimum inlet area one and one-halt (11/2) times the pipe
to which it is connected.

(b) Roof deck strainers for use on sun decks, parking decks
and similar occupied areas may be of an approved flat-
surface type which is level with the deck. Such drains shall
have an inlet area not less than two (2) times the area of
the pipe to which the drain is connected.

(c) Roof drains passing through the roof into the interior of a
building shall be made water tight at the roof line by the
use of a suitable flashing material.

UPC-73
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CHAPTER 16

LANDSCAPE PIPING SYSTEMS

General: The systems covered in this Chapter are those which are not
necessary for the proper functioning of the building, although they prob-
ably will connect to the building sewer and/or water lines.

The plumbing code will govern, and the installations are subject to in-
spection the same as the building plumbing systems.

The systems covered here are swimming pools, both public and private,
decorative fountains, lawn sprinkling installations, and yard and planter
drains.

Swimming Pools: The National Swimming Pool Institute has established
standards for construction of public swimming pools. The catalogs of the
manufacturers who specialize in pool equipment are a good source of infor-
mation regarding the implementation of the Standards. The Plumbing Con-
tractor may not be interested in the physical shape of the pool if it is
one that has been designed by an Architect/Engineer, but he must be aware
of any health hazards which may develop because of faulty materials or
workmanship. Some of these are:

1. The water supply to the pool must be potable unless it is
fed by some other source which has the approval of the
'Regulating Agency; this could be ocean salt water, or a
clear stream.

The "flow throUgh" systems using water on a continuing
replenishment basis are becoming less common because of
stringent health standards.

2 Any plumbing which can cause contamination of the potable
supply must be avoided. An air gap is provided so the
pool water cannot enter the potable supply; this is
usually an "over the rim" supply.

3. The systems must be installed so that they can be easily
maintained. This applies to the hair and lint strainer,
the filtration system, the chlorination unit, vacuum
cleaning apparatus, and the pump/motor and controls.
If equipment is inaccessible, or nearly so, it will
probably be neglected.

4. The recirculation rate must be such that the pool water
passes through the filtration system at least three times
in 24 hours.
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5. No parts of piping systems nor the equipment shall be
undersized; this leads to noisy operation, improper
filtration, poor treatment of the pool water, improper
skimming of leaves or debris from the surface of the
water, and generally an unsatisfactory job for the
Owner.

If the installation is properly made the pool water
will be free of disease producing bacteria, cloudi-
ness, algae, and scale deposits. The public demands
a clean pool, of good color, and a PH level which is
neutral, not too alkaline nor too acid.

Recirculation System: This is the most common type of system to accom-
plish the above because it reuses the treated and heated wateL.

The feature of the recirculation system is that the water is drawn from
the pool, treated as required, and returned to the pool.

Filtration, either rapid sand, or diatomaceous earth type is used to
remove suspended particles in the water.

Chemicals are added to the filtered water to handle disinfection, oxida-
tion, and PH control.

Leaves and other floating debris are removed at the pool, either by
having an overflow gutter extend around the pool or by the use of one or
several skimmers located at the water line.

The overflow gutter is drained by gutter outlets spaced at frequent in-
tervals in the gutter.

The skimmers are spaced on the perimeter usually one for each 500 square
feet of pool surface. The surface debris is trapped in a removable
strainer in each skimmer. It also helps to keep the hair and lint strainer
at the pump from becoming clogged with the larger debris. An equalizing
connection is also incorporated in each skimmer, so the pump will not
break suction if the strainer becomes clogged.

When the filter becomes dirty, the recirculation cycle is reversed by
means of suitable valving, and the water is run in the opposite direction
through the sand filter and wasted through a suitable air gap, to the
sump and sewer. The accumulated dirt is washed out of the sand. The
rate of backwash is about five times greater than during normal operation.
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The diatomaceous earth filter also must be backwashed. Most codes prohibit
disposing of the used earth into the sewer. It must be caught in an
interceptor which will keep it from getting into the sewer. The backwash
water flows to the sewer from the interceptor.

Chlorination of the pool water is accomplished in one of three different
ways: 1. Raw chlorine may be fed through a metering device into the
filtered water line at a predetermined rate, or 2. A common chlorine
bleach, such as Clorox, may be fed into the line, or 3. The Clorox bleach
may be dumped directly into the pool. The first two methods operate when-
ever filtered water is flowing to the pool.

The treatment of the pool water can be sophisticated or it may be quite
simple, especially for small residential pools.

The piping systems must be compatible and are usually standard galvanized
pipe and fittings, or plastic pipe and fittings. The selection of materials
are those which would normally be used in a plumbing system of comparable
size carrying water.

Most pool supply contractors have a variety of materials and equipment
available for pool installation and maintenance. All are designed to
accomplish the objectives which have been enumerated.

If a pool heater is to be used it is usually installed in the filtered
water supply to the pool; a bypass is provided so all the circulating
water does not pass through the heater. The water entering the pool
should never be much greater than 100 F. because of its efgect on the
pool chemicals. Most pools are kept at a temperature of 80 F. plus or

minus 2 3 F. Therapeutic pools are operated at a higher temperature.

The size of the heater is determined by the velocity of the wind passing
over the pool surface, the air temperature, and the water temperature
desired.

If it is desired to raise the pool temperature 10 F. per hour gas heater
manufacturers use the following formula:

Surface area in sq. ft. x maximum temperature rise x 15 =
Btu per hour required to raise and maintain the pool
temperature. The energy input to the heater will depend
on the efficiency of the unit.
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Lawn Sprinkling Systems: Lawn sprinkling systems have increased in size
and number during the past few years, particularly in temperate climates
where freezing is not a problem. Many large buildings are being con-
structed in suburban areas, and the grounds are being beautified with
lawns, shrubs and trees.

Controls and valves are installed on most large systems, so they are
completely automatic, turning on when the ground is dry and off when not
needed.

The variety of heads and controls is such that football fields or the
smallest shrub can be watered automatically and properly. It is estimated
that automatic controls will pay for themselves in first cost because of
the simplified layouts which are possible and also in the savings generated
by requiring less personnel. Another plus feature is that the watering
can be done at periods when it is less objectionable because of the use of
the areas. In many localities there is less wind early in morning or
evening, which makes it a good time to use the sprinklers. This can all
be arranged automatically with the controls available to the sprinkling
system designer.

System Design: The factors involved in the design of a system are many.
Some are:

1. Budget money available for the space to be sprinklered.
Assume that the landscape plan is available.

2. Amount of automatic control equipment to be incorporated.

3. Source, quantity, and preccure of the water supply available.

4. Wind and weather conditions under which the system will
operate.

5. Permanency of the installation and anticipated future
building which may affect the location of the mains.

6. Type of terrain, steep slopes or level.

Materials: The answers to the above questions will determine how the
design evolves. The manufacturers of sprinkler equipment have catalog
data on the performance of their sprinkler heads and controls. These
should be consulted for the particular job being designed or installed.

Pipe and Fittings: The installation on the pressure side of the sprink-
ling system, that is, leading up to the shutoff valves, should be the
same as used for water systems on other parts of the project.
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The pipe and fittings on the discharge side of the system can be the same,
or plastic pipe and fittings. Local code provisions should be consulted.

Sprinkler Heads: Sprinkler heads are two basic types: Impulse heads,
either pop-up or surface, and spray heads. Refer to the end of this
chapter for examples of each, and characteristics of each.

It is not feasible to mix spray and impulse heads in an installation be-
cause of the varying rates of application and pressures required. This

would lead to underwatering in some areas and overwatering in others.

Wind will cause the pattern covered by a sprinkler to become deformed.
The large radius, or impulse type heads are more affected than the smaller
radius spray heads. The prevailing wind conditions are usually considered
when the Architect/Engineer designs the job.

Automatic Controllers: A typical installation utilizing a low voltage
(usually 24 volts) automatic controller and electric control valves is
shown at the end of this chapter. Since the sprinkler piping is installed
underground the valve and wiring are also installed underground.

The automatic controller can be set to turn each circuit on and off at the
preset times. The controls can be simple or quite complex depending on
the requirements of the job.

The electric type automatic controller is illustrated; the controller and
valves can also be hydraulically operated. The hydraulic valves may be
either diaphragm or piston type and operate similar to automatic direct
flush valves.

Both types of valves operate on the principle of pressure differential,
that is, hydraulic pressure is either released or admitted to a chamber
to activate the valve; the electric system is more popular than the hy-
draulic system because it is more trouble free.

Back-Flow Preventers: The illustration at the end of the chapter shows a
typical installation. Where the system runs uphill to the heads, the
preventer is necessary because of the pressure generated by the difference
in elevation between the heads and the supply could lead to contamination.
The vacuum breaker shown as a separate installation guarantees against
back siphonage, as lawn sprinkling systems are a potential cross connection
if improperly installed. They can be a source of contamination without the
protection devices. If the sprinkling system is not served from the potable
water supply the devices may not be necessary.
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Decorative Fountains: The same care should be exercised with the systems
for the fountains as shown for other plumbing systems.

Fountains circulate water stored in a reservoir by means of a pump and
piping system. The pump may be submerged or located in a dry spot. The
small simple fountains usually are equipped with a submersible pump. The
large fountains may have several pumps located remotely and be operated
by a complex control system.

Most of the details of installation and materials discussed in other
chapters may be applicable here, depending on the type of design. These
are:

1. Provide necessary sleeving and locate outlets, drains and
drain lines.

2. Provide all waterproofing for pipes and drains which pene-
trate the reservoir construction.

3. Check closely to avoid cross connections.

4. Follow the design layout to avoid any interference with
the desired effect from the fountain.

5. The design of the fountain is done by the Architect/
Engineer, but the Plumber should provide secure
fastening for his pipes and equipment.

6. Provide for easy maintenance of all drains and equipment.

Planter and Yard Drains: The types of drains shown in Chapter 15, Storm
Water and Special Waste Systems, are also applicable here. These include
overflow drains, drains with clamping ring for a waterproof installation.
A mesh screen is usually placed around the dome strainer to keep the soil
in the planter.

Overflow drains carry away the water not absorbed by the soil during heavy
rains, or watering. If the planter is large, a perforated drain may be
installed, similar to a foundation drain.

Yard drains vary in complexity and type; they must be adequate for the
location and the traffic pattern. Many are installed with intercepting
sumps to catch debris and dirt before it enters the sewer lines.
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Swimming Pools

GI Swimming pool waste water shall be disposed of as herein-
after set forth in this Section and the type of disposal proposed
shall be approved by the Administrative Authority prior to
the commencement of any work. A means of disposal of the
total contents of the pool (periodic emptying) without surface
run-off shall be established to the satisfaction of the Admin-
istrative Authority.

G2Except as provided in G3, when a public sewer or storm
drain of adequate capacity is available for use, swimming pool
waste water shall be discharged thereinto and permission
shall be obtained in writing from the proper authority to do
so. A copy of such permission stating the maximum size of
the waste line between the receptor and the sewer, and other
specific requirements, shall accompany any applications for a
permit made to the Administrative Authority.

G3Where space and conditions are such that no hazard, nuisance
or insanitary condition is evidenced, swimming pool waste
water may be used for irrigation by surface or subsurface
spreading.

G4When no other means of waste water disposal is available
a dryWell may be Installed. Each such drywell shall be con-
structed in the manner prescribed for cesspools in Chapter 11
of this Code, and drywells receiving only filter backwash
shall have a capacity of at least twice the amount of effluent
discharged during one normal backwash operation, but
shall in no case have less than a five-foot (5') vertical sidewall.
When pool emptying or other drains are proposed, the size
and leaching capacity of such drywall shall be proportionately
increased to the satisfaction of the Administrative Authority.
No waste water other than that from swimming pool shall
discharge into any such dry well, and no waste wafer from
any swimming pool shall discharge into a private sewage
disposal system.

G5No direct connection shall be made between any storm drain,
sewer, drain-dge system, dryweli or subsoil irrigation line and
any line connected to a swimming pool.

G6Waste water from any filter, scum gutter, overflow, pool
empyting line or similar apparatus or appurtenance shall dis-
charge into an approved type receptor. The flood level rim of
each such receptor shall be at least six inches (6") above the
flood level of the adjacent ground. Each such receptor when
permitted to be connected to any part of a drainage system
shall be provided with a three-inch (3") trap.

G7Except as provided in G8, the discharge outlet terminal from
any pool or filter shall be protected from backflow by an air

least six inches (6") above the flood rim of the receptor.

G8No scum gutter drain, overflow drain, backwash discharge
drain, or pool emptying line shall enter any receptor below
the rim unless the pool piping at its deepest point, the
bottom of the filters, and the bottom of the scum gutter drain
through or overflow inlets are at least six inches (6") above
the overflow rim of the receptor.

G9A positive point of potable water supply to each swimming
pool shall be established and shall be installed as required
by Chapter 10 of this Code.

G10 Plans for other than private swimming pools shall be
approved by the Health Officer before any water supply or
waste discharge permit is issued.

UPC-73
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1. Water Supply
1-1. The water supply serving the pool shall

meet the requirements of the health de-
partment for potable water.

1-2. All portions of the potable water supply
system serving the swimming pool and
auxiliary facilities shall be protected
against backflow.

1-3. Potable water introduced into the swim-
ming pool, either directly or to the recircu-
lation system, shall be supplied through
an air gap or other approved means.

2. Inlets and Outlets
2-1. Pool inlets and outlets shall be provided

and arranged to produce a uniform cir-
culation of water and the maintenance of
uniform chlorine or equivalent disinfectant
residual throughout the pool; provisions
shall be made to adjust the flow through
all inlets.

2-2. The number of inlets shall be based on
either one inlet per 500 sq. ft. of pool area
or one inlet per 9,000 gallons of pool
capacity, whichever is greater.

2-3. Two outlets shall be provided at the
lowest point of the pool floor to com-
pletely drain the pool floor. The floor out-
lets should not permit a flow of greater
than 2 ft. per second through the grating,
and slotted openings in the grate should
not exceed 1 /2" in width.

2-4. The two outlets will serve as part of the
recirculation suction system and together
will circulate 50% of the design flow rate.

3. Recirculation and Filtration
3-1. The pool equipment shall be of adequate

size to turn over the entire pool water
capacity three (3) times every twenty-four
(24) hours.

3-2. Pool piping shall be sized to permit the
rated flows for filtering and cleaning with-
out exceeding the maximum head at which
the pump will provide such flows.

3-3. The water velocity in the discharge or
return system shall not exceed ten (10)
fps, and the head loss in the piping should
be below ten (10) psi/100 ft.

3-4. The suction velocity shall not exceed five
(5) fps.

3-5. The overflow drain shall be sloped at
1 /4" per ft. and shall be provided with a

cleanout at every 90° horizontal change of
direction.

3-6. A suitable hair and lint strainer shall be
installed ahead of the pump. The strainer
basket will have an effective screening
area equal to four (4) times the main
suction line area.

3-7. The gutter overflow system shall be capa-
ble of continuously removing sixty (60)
percent of the design flow rate.

3-8. 1",ie overflow system shall discharge into
a surge tank whose capacity is equal to
one-half (1 /2) gallon for each square foot
of pool surface area.

3-9. A self-priming centrifugal pump and motor
shall be provided to recirculate the water.
The pump shall be capable of filtering and
backwashing at the maximum total dy-
namic head of the system.

4. Filter

4-1. The filter system shall be a pressure high-
rate permanent sand filter.

4.2. The design filter and backwash rate should
not exceed 15 gpm per square foot of
filter area.

4-3. The filter shall be equipped with pressure
gauges on the influent and effluent sides.

4-4. A sight glass shall be installed on the
waste discharge.

5. Schedule of Materials and Minimum Sizes

System Material
Wm
Size

Overflow
drains
gravity

Cast iron,
bell and spigot

2"

Suction
piping

Galvanized,
std. wt

Suction
fittings

Cast iron,
flanged

Return
pressure
piping

Galvanized,
std. wt. 11/2"

Return
pressure
fittings

Cast iron,
flanged
4" and above

Return
pressure
fittings

Galvanized,
ips

31/2" and below

Make-
up

Galvanized,
std. wt.

Vacuum Galvanized,
std. wt.

2"

Piping Std. wt.

Fig. 16-1 Pool Piping Specification
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Unfiltered Water from Pool

Free-Board Area

Filtered
Water

The filtering process starts with the delivery of
pool water to the top of the filter tank. The
water is pressure-forced through descending
layers of sand and fine, medium, and coarse
gravel, and thenfiltering completedit is col-
lected in a perforated pipe (underdrain) and re-
turned to the pool.

The generally accepted maximum rate of flow
through a rapid sand filter is 3 gpm for every
square foot of effective filter area.

la The backwash rate should be a minimum

of 15 gpm per square foot of filter area,
whereas (as already noted) the filter rate is 3
gpm.

Fig. 16-2 Pressure Sand Filter

Finished Grade

Yard Drain
Catch basins for roadway drains are
similar in design.

Manhole
Cover

Interceotor

Fig. 16-3 Drain and Interceptor
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Fig. 16-4 Preassembled Filter Assembly

Gate
Valve

Filtered
/Water

Check

Bypass 1-))

I\
Booster Pump

.0
L"11

0.100= Pressure
Gauge

Chlorinator
Injector

Gas Chlorine
from Chlorinator

Return to Pool

Fig. 16-5 Chlorinator
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Excess Alkalinity
(pH too high)

1. Prevents chlorine
from doing its
job properly.

2. Causes scale forma-
tion on plaster finish
and in heater tubes.

3. Clouds water.

4. May prevent filter
from operating prop-
erly.

Overacidity
(pH too low)

1. Corrodes plumbing,
pump, filter system,
and heater, and re-
sults in unsightly
staining of plaster
finish.

2. Unpleasant eye irri-
tation.

3. Damage to the plas-
ter finish.

4. Dissipates chlorine
too rapidly.

Fig. 16-6 pH Scale

{Properly
Balanced

Add

Ash
Soda



From Pool -+

%, 8

HighRate Filter System
with Diatomite Fitter

Key:

APrecoat Pot
BPump
CDiatomite Filter
DWire Screen (Septum)
EBody Feeder
FSump

No. 1

Diatomite

DI Open

1,44 Closed

No. 2

From Pool

Cleaning
or

Backwash

No. 3

No. 1. In a typical diatomite filter, a liquid
slurry (mixture of diatomaceous earth and wa-
ter) is circulated through the filter to precoat
the septum with a cake of diatomaceous earth.

No. 2. After the filter has been pre-
coatedchargedthe valve arrangement is
changed and the normal filtering cycle is
started. A small amount of diatomaceous earth
is constantly fed to the filter from the body
feeder to prevent dirt from covering the septum
with a slime that could hinder or stop the filter-
ing action. This process is called slurry, or
body, feeding.

The diatomaceous earth filter must be cleaned
after a certain length of filtering time, depend-
ing on the dirt content of the pool.No. 3 shows
cleaning by backwashing the filter. now through
the filter is reversed, and dirt and diatomaceous
earth are flushed off the septum to the sump.

Fig. 16-7 Filter Details
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Pressure Back-flow Preventer

Note: Install 12" above highest outlet on non-portable
systems.

6" Galv. Nipple

12"x12"x12"
Thrust Blocks

Adapt inlet &
outlet fittings to

main line as
required

6" Galv. Nipple

Union

Galv. Nipple
(Length as
required)

Fig. 16-8 Typical Back-flow Preventer
Assembly Detail

3 4 5 6 7
r

Atmospheric Vacuum Breaker
(Install as per local

3" Nipple code)
Galvanized

)

Finish Grade

To Sprinklers.
Galvanized Nipple
(Length as required)

OfttAKK

-6" Nipple
Galvanized

Pedestal Mount

Wall Mount

Fig. 16-9 Automatic Controller
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Male Adapter
-11To Control Valve

Fig. 16-10 Atmospheric Vacuum Breaker
Detail

1. Auto-Manual ControlIn "Auto" position the selec-
tor/indicator dial rotates to show station being
watered. In "Manual" position, the dial may be
manually advanced to any desired station for water-
ing.

2. 14-Day ClockPush-turn pins t.4 '; the days water-
ing is desired. Outer circle of pins controls the lawn
stations. Inner circle of pins controls the shrub
stations.

3. 24-Hour ClockPush-turn pins set the hours that
start the watering cycles. All pins are captive to
prevent loss.

4. Master SwitchShuts off all power to stations while
allowing program clock to run.

5. Circuit BreakerProtects controller from damage
due to excessive loads.

6. Pilot LightIndicates when watering is in progress.

7. Station Switch"Off" position eliminates station
from watering program. With switch in "Auto" posi-
tion, station will water for time set on dial control.
In "Off" position, station time must elapse before
controller will sequence to next station.

8. Dial ControlThe watering duration of each sta-
tion is accurately and independently adjustable from
1 to 30 minutes.

9. 1" Junction BoxesFor complete protection of 117 -
volt line connection and direct burial wires to elec-
tric valves.



Shrub Head

6'

Finish Grade)

C721FITAViNA A A

t,,,-- Galv. Riser

Finish Grade
//Pap-up

Note:
Adjust to finish grade
once turf is established

Saddle (Use size required
for pipe and sprinkler)

Lateral Pipe

Fig. 16-11 Typical Shrub Head
Installation Detail

17"x11"xl" Mounting Board (Anchor to wall as re-
quired)

Mounting Bracket (Anchor to board as shown)

Wall

Wood Screw (2 places)-

Galv. Riser

Saddle (Use size
required for pipe
and sprinkler)

Wall Mounting Detail

Lateral Pipe

Fig. 16-12 Typical Pop-up
Installation Detail

Valve Marker Quick Coupler (Initial installation)

2" Pipe (Length as required)

Finish Grade

Common Wire

To Sprinklers

r.
Wall Mount Controller

120-Volt wire in Conduit
(Connect to source as re-
quired by local code)

Common Wire

3" Nipple
(Length as required)

Floor

Control Wire

Electric Valve

Main Supply Line

Swing Joint Riser

3" Long Sweep Ell

3" Nipple (Length as required)

Heavy-duty Tapped Coupling, Saddle, or Cast-iron Tee

Fig. 16-13 Typical Electric Controller & Valve Assembly Detail
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Four features that distinguish impulse heads Four features are typical among spray heads:
are: 1. They operate at pressures of 15-30 psi;
1. They operate at pressures of 30-80 psi; 2. Each head covers an area of 10'-20' in
2. Each covers an area 40'-100' in radius; radius;
3. Apply water a rate of .20".50" per hour; 3. Water is applied at a rate of 1"-2" per
4. Are most economical for large, open areas. hour;

4. Their use is most economical for small or
irregularly shaped areas.

Surface Type

Impulse Head

Impulse Head Pop-up Type

Spray Head

477P

! II 1

1111.1
t.

Fig. 16-14 Sprinkler Heads
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The drains used in ornamental fountains can
be classified as follows:
1. Skimmer drains,
2. Overflow drains.
3. Area or floor drains.

Water
Level

Brass Dome

6" Height Std.
ny Other Height

Optional

Ground Joint
Adaptor

Adjustable
Collar

Ground Joint Plug
Optional

IPS Standard,
Caulk Optional

Overflow Drain

Flashing Clamp
Device Optional

243/4 x 243/4

24-Dia.

81/2 *

1

Grate
Free Area

210 Sq. In.

l-- A -*--1
Caulk
Outlet

*Add 1/4" When Furnished with Brass Top

Grate
Free Area
18.3 Sq. In.

14 1/2Dia

10 x 10
77/8 x 77/8

Standard,
Caulk Optional

A

Flashing Clamp
Device Optional

*Add 3/4" When Furnished with Brass Top

Frame & Grate

*Add 3/4" When Furnished with Brass Top

Area Drains

Fib. 16-15 Typical Fountain Drains
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CHAPTER 17

CORROSION

Corrosion is a chemical change which occurs in metals when exposed to un-
favorable conditions. It may weaken the metal to the point where it is
useless, or alter its appearance. The rust on steel products is a fami-
liar example; the tarnishing of silver objects alters their appearance.

The Inspector must be aware of the dangers of corrosion and how it may be
prevented and reduced. The corrosion problem is extremely complex and
cannot be treated fully in this text. The physical rate of corrosion of
the metal, and the economic loss of the facility are the two factors
which generally govern the steps justified to inhibit or prevent corrosion.

The Plumber is confronted almost daily with rusted pipes and corroded
lines; patching and replacing of leaking mains and branches is a familiar
occurrence. The loss in time and material runs into the billions of
dollars in the United States each year.

Most corrosion processes are electrochemical; this means that it is an
electrical circuit which produces a chemical reaction at the terminals;
the effect is corrosion of the metals involved in the circuit. This pro-
cess requires an aqueous solution, whether immersed in water, buried in
damp ground, or exposed to a humid atmosphere. The process is the same.

Pure distilled water will not conduct electricity. If an acid, an alkali,
or a salt is dissolved in water, it becomes an electrolyte and the solu-
tion is capable of conducting electricity. Generally, water found in
nature is not pure and is therefore capable, of conducting electricity.
This flow of direct current electricity will leave the metal surface
where corrosion is active, and return to the metal surface where corrosion
is not active. Where the electrical current leaves the metal surfaces it
deteriorates or rusts (anode); where it returns the metal does not rust
(cathode).

The corrosion or rusting of iron in air (other than 100% dry), water or
soil is the result of the formation of a corrosion cell based on the
above explanation. A common example is the dry cell battery. The dry

cell battery contains a zinc electrode which corrodes (anode) a chemical
filter (electrolyte) and a carbon rod that receives the current (cathode).
The zinc is caused to corrode when the terminals are electrically shorted,
and the electrical corrosion currents produce useful electricity. When
steel corrodes, the anode and cathode are on the one piece of metal, and
the "short" producing electricity is always present.
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Almost all metal surfaces contain or will accumulate impurities that pro-
duce circuits caused by the impurities. As long as the metal remains
dry, little corrosion is noted. Where the metal is exposed to water,
acids, or alkalies, like pipes buried in the ground, local action current
is produced. This is responsible for the corrosion of buried pipe lines.

Several types of corrosion exist in plumbing systems. Basic types include:

Uniform attack: Examples are the rusting of iron and the
oxidation or tarnishing of lead.

Pitting: A localized attack, greater in some areas of the
affected metal than others. The depth of pitting is ex-
pressed as the pitting factor. Iron buried in soil shows
corrosion in the form of shallow pits.

Dezincification: The zinc contained in, or the zinc
coating on, a metal corrodes. In yellow brass, the cor-
roding of the zinc leaves the alloy with less ductility
and tensile strength. In galvanized tanks, the black
steel is exposed to corrosion after dezincing.

Intergranular corrosion: This occurs between the grain
boundaries of a metal. The result is a loss in strength

and ductility.

Cracking: If a metal cracks when subjected to repeated
tensile stresses in a corrosive environment, it is said
to fail by corrosive fatigue.

Graphitization: Applied to cast iron, the iron will
corrode and dissipate into the soil, the remaining
graphite will stay in place. The pipe may appear to
be in perfect condition, and may still carry low
pressure flows.

In addition to the visual detection of corrosion based on the above types,
corrosion can be detected by electrical measurements. These measurements
are normally obtained by using a sensitive voltmeter.

Chemical measurement, by analyzing the water for iron content is some-

times used. The greater the iron content, the greater the corrosion.
The electro-chemical series is a practical scale to determine the
corrosion rate. It evaluates the relative activity of metals.
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Most Active - Magnesium
Zinc
Aluminum
Steel
Castiron
Lead
Brasses
Copper
Silver
Graphite

ELECTROCHEMICAL SERIES

Least Active Gold

The farther apart on the chart, the more severe will be the corrosive
action.

Where the plans and specifications on a project do not supply information
on corrosion prevention, the Inspector, and Plumbing Contractor may find
the following information useful in detecting causes of corrosion or
preventing it.

The rate of corosion of metals in adjacent locations may offer a clue
as to what to expect. Since environmental conditions may change with the
passage of time it is well to have soil conditions checked. A soil that
is wet will have a lower sensitivity than dry soil.

The corrosion of steel is normally considered to be more rapid in acid
than in alkaline soil. Distilled water is neutral, and has a PH of 7.0.
Any soil that has a PH of less than 7.0 is said to be acid. The smaller
the number, the greater its acidity.

Underground pipe lines are frequently protected by the cathodic method.
In order to prevent the electricity from discharging into the soil, the
application of electricity to the pipe prevents the natural corrosion
currents. The pipe has been forced to be a cathode, which does not cor-
rode. This is accomplished either by galvanic anodes or impressed current
anodes.

Galvanic, or sacrificial, anodes are generally made of magnesium, alumi-
num, or zinc, because it would have the greatest voltage between it and
steel. The anodes must be electrically connected to the pipe by a mat-
erial that will allow the current to flow between the anode and the pipe.
The current will then flow thru the soil to the surface of the pipe.
Generally, this system is not used for complete protection, except in
small installations where the soil has a low sensitivity, or where an
electrical source is not available.
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Impressed current anodes requires the application of a direct current,
which may be of any voltage required for the application; this is con-
trasted with a maximum voltage of about .6 volts for the sacrificial
anode system. The use of the high voltage system may cause stray cur-
rents to corrode adjacent systems. For this reason, the systems must be
carefully engineered, and come under the supervision of the Electrical

Inspector. All major pipeline installations underground are protected
by such systems. Generally, a less expensive metal, such as scrap iron,
is used as the anode, and is connected to the positive terminal. The

negative terminal is connected to the pipeline.

In addition to the cathodic method of protection there are oilier safe-
guards which may be used, and frequently are, either in conjunction with
the cathodic method or separately.

Coatings: These may be of various types depending on the economics in-

volved. They are insulators, and prevent the galvanic cell from being

formed. A natural coating of corrosion, such as rust on castiron or
steel, will slow down the corrosion process, if not prevent it. A bitu-

minous coating such as asphaltum, on soil pipe is an inexpensive one
frequently encountered. Sometimes a wrapping of roofing felt is applied
over the asphaltum for further protection.

The problem which all coatings have in common, is that if it is damaged
in a small area, the corrosion attack will be more severe, as the cor-
rosion will concentrate in the unprotected area, due to the current flow.

The Plumbing Inspector, in the course of his work, will encounter many
forms of protection for metal, all having for their purpose, the pre-
vention of corrosion. These may include cement linings in storage tanks
and pipes; glass linings for tanks; coatings of paints or mastics; tapes
of various types and wrappings; porcelain enamel coatings.

The inspection must be thorough enough to insure that there are no
breaks or scars, in the protective coating or lining, which will allow
corrosion to occur, by allowing electricity to flow from the metal thru

the electrolyte. Visual inspection generally will reveal breaks or scars.
Wrapped or coated underground pipes and structures are often tested with
an electric brush or probe which will reveal breaks if metal to metal
contact is made because of poor or damaged coatings.

In addition to the non-metallic coatings there are metallic coatings
which are used. Galvanizing (zinc coatings) is one frequently encountered,

such as galvanized water pipe. Tin, cadmium, lead, aluminum, are also

familiar to the trade. Many others, such as neoprene; rubber; copper
lining in water tanks, are frequently encountered. All have the same
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purpose, which is to prevent corrosion. Again, such materials must be
carefully inspected to assure that the covering has no damage, which will
partially destroy its usefulness.

In addition to the coatings described, which are used generally because
they are less expensive, it is possible to select materials which have a
natural resistance, and while generally more expensive, are more depen-
dable and maintenance free.

Non-metallic piping materials, such as asbestos, cement, terra cotta,
plastic, are most corrosion resistant. Other considerations, such as
impact strength, pressure limitations and sizes, may limit their uses.

Copper bearing steels, silicon alloys, bronze, and tin, all have special
corrosion resistance, and are used for special purposes.

Other means of controlling corrosion are listed here. The reason the
method is effective is obvious, based on the previous discussion. The
Inspector should be diligent in requiring that the work be done properly:

Dissolved oxygen: Neutralize it by chemical means or remove
by heating the liquid.

Stray electrical currents: Provide cathodic protection, or
insulating couplings in the pipe line. Sometimes the pipe
system is bonded to the source of the current, such as
electric rapid transit systems.

Corrosive soils: Provide a bed of clean dry sand 6" to
12" thick completely surrounding the pipe.

High velocity of the liquid: Where piping is undersized,
the high velocity of the fluid at sharp bends causes
erosion of the protective material, such as galvanizing,
and further attack occurs.

Cavitation causes high velocities when the air bubbles
collapse. The flashing of hot liquid into a vapor as
pressure is suddenly reduced will also cause instan-
taneous high velocities which are highly destructive.

Corrosive atmosphere: Industrial wastes which have not
been properly processed can be highly corrosive. Salt
air is also a culprit in this regard.

Metallic corrosion may also be caused by biological action. Bacteria may
be of two types.
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The sulfate reducing bacteria, which functions in the absence of oxygen,
reacts with the organic compounds containing sulfur to produce hydrogen
sulfide, which reacts with the metal.

The iron consuming bacteria remove compounds of iron that are in solution.
The consumed compounds of iron are deposited by the bacteria as iron rust.
The effect is known as tuberculotion.

The field of corrosion science is a large one, and is growing in scope
because of the huge costs involved in the deterioration and destruction
of metallic materials. The need for Inspectors who are capable in this
field is also growing. For those who are interested and wish to learn
more about corrosion, the Corrosion Handbook by H. H. Uhlig, is a fine
reference. The National Association of Corrosion Engineers has a pub-
lication "Corrosion" which publishes up-to-date material on various
problems and the latest theories regarding the problems.

Grade

No. 12 Solid, Type SN Lead Wire

. /
Soil

.

/X///////147/7/-77/17/70777
/ Slurry of bentonite and

plaster of paris to
increase conductance
to soil and decrease
extraneous corrosion
of magnesium.

Pipeline

Braze wire to steel lug and
arc weld lug to pipeline. Oncovered pipelines insulate
connection and all exposed
metal. More than one anode
can be connected to one lug.

5

Magnesium Anode

Fig. 17-1 Cathodic Protection
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CHAPTER 18

INSULATION

General: Pipe and tank insulation has the function of minimizing heat loss
on hot lines or tanks and to protect persons from being burned if the pro-
tected surface has a temperature to the touch of greater than 160 F.

(State Department of Industrial Relations Safety requirement).

Pipe lines or tanks carrying chilled water must be insulated to minimize
heat gain to within acceptable limits; prevent condensation on the pipe or
tank by barring the passage of moisture-laden air; also keep the outside
surface of the insulation dry by keeping that surface above the dew point
of the surrounding air.

Measurement: The thermal conductivity or K-factor is the unit which mea-
sures the effectiveness of an insulation. It is defined as the amount of
heat in Btu per hour per square foot which will flow thrua panel 1 ft.
square and 1 in. thick with a temperature difference of 1 F. on opposite
sides of the panel. The formula for the heat transfer of the insulation
then becomes:

Btu per hour per sq. ft. = K x temp. diff./in. thickness

At 1000 F. mean temperature the average values of K will vary from 0.30 for
fiber glass to 0.25 for glass wool blankets; flexible foamed plastic has a
value of 0.26. 85% magnesia has a K =0.39.

The thickness of the insulation applied is based on a balance of the per-
missible heat gain or loss and the cost of the material and application.

Selection of Material: Desirable features of an insulating material aside
from a high thermal efficiency as shown by an acceptable K value are:

1. It must be in a form which is easily applied.

2. It will not accelerate corrosion, and will not swell,
shrink, nor rot.

3. It will not disintegrate if it becomes wet from any
cause, such as a leaky joint.

4. It must meet U-L Fire Hazard Standards and applicable
Specification Compliance for the particular job.

5. The vapor barrier jacket for cold lines must have a
low permeability rating, based on the applicable
ASTM procedures.
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Where the temperature is not below 50° F. the vapor
seal jacket is a thin wrapping for the piping and
also the fittings. The colder the fluid in the lines,
the more important the vapor seal becomes.

6. It must be provided with a weatherproof jacket if
recommended for outdoor service. It may vary from a
coated asbestos paper, heavy plastic tape wrap, or
medium gage metal jacket to a custom type for severe
service.

7. Underground installations must be designed so the
insulation is kept absolutely dry. This may require
a concrete trench or special conduit.

8. Insulating blanket, or blocks, usually about 1-1/2 in.
thick are used for insulating hot water tanks. After
the insulation is securely fastened a 1/4" finishing
coat of cement is applied and trowelled to a smooth
finish.

9. Insulation must be sturdy enough to withstand mechanical
abuse to which it may be subjected.

Installation: The following should be observed for a proper installation:

1. The recommendations of the manufacturer should be
followed regarding the accessory finishes and tapes
to be used in the installation of his product.

2. Adequate space should be available between parallel
pipe runs to provide uninterrupted covering.

3. Hangers should be appropriate for the size, location
and service. Hot water lines of small diameter may
have the hangers directly on the pipe; the covering
will run continuously with a cut-out for the hanger.
Larger pipes will have the hanger outside the pipe
with a metal shield between the hanger and the pipe
to protect the covering. Larger pipes, 5" dia. and
up will have protection saddles. Illustrations of
types of hanger material are shown at the end of
Chapter 5.
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4 All insulation shall be continuous through walls and
floors. The sleeves shall be large enough to accom-
modate the insulation. Escutcheon plates or metal
shields at walls or floors shall be installed outside
the covering.

5 Cold piping (less than 500 F.) shall have an adequate
vapor barrier including all fittings. All metal con-
tact with the pipes, including the hangers shall be
insulated to prevent sweating.

6 All insulation shall be applied with the joints
tightly butted, and staggered. Coat liberally with
the joining material recommended.

The Inspector shall understand the purposes of the
insulation work, and insist that the workmanship
will accomplish this.
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PPG Fiber Glass Insulation for medium temperature
lines is designed primarily for use on hot, cold and chilled
water lines, low pressure steam lines and similar indoor
applications within the 50F to 250F temperature range.

It is made of fine glass fibers bonded together with an
inert thermosetting resin, then preformed into cylindrical
sections three feet long, slit lengthwise for easy applica-
tion. Inside diameters of the sections conform to standard
iron pipe and copper water tubing sizes; thicknesses are
/2 inch and 3/4 inch.

This insulation is tough, resilient, light weight; it will
not shriiik, swell or rot; it will neither cause nor accelerate
corrosion. Its thermal efficiency is high in comparison
with most other types of insulation and it resists thermal
shock and aging.

Sizes and Thicknesses

Jacket
The jacket for medium service lines is of the noncombusti-
ble, light duty (LD-FRJ), vapor barrier type. It is a "sand-
wich" of 0.00035-inch embossed foil, glass fiber reinforc-
ing yarn, and white creped kraft. The layers are bonded
together by a special self-extinguishing adhesive. Permea-
bility rating is 0.30 (ASTM E-96, Procedure A).

Physical Properties
Density: Nominal 4 lb/cu ft.
Moisture Absorption: Less than 1.0% by weight.
Alkalinity: Less than 0.25% expressed as Na20.
Corrosivity: Does not cause or accelerate corrosion.
Thermal Diffusivity: 0.025 sq ft /hr at 75F mean temp.
Thermal Conductivity:

Iron Pipe
Nominal Size (inches) Thicknesses Available (inches)

.40

fC

1/2 through 14
1/2 through 6

1/2

V2 3/4

.30a.
o

-0

Copper Water Tubing
covH .20

Nominal Si:e (inches) Thicknesses Available (inches) EL
L.c

.10

5/s through 61/8 1/2; 1/4

0

Fig. 18-1 Fiber Glass Insulation
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Heat losses, efficiencies and surface temperatures
(Ambient temperature at 80 F)

Insulation wall thickness 1/i in.

Pipe
temperature 130 F

Temperature
difference 50 F

180 F

100 F

230 F

150 F

IPS HL E Ts HL E Is HL E Ts

1/2 7 71 88 14 74 97 23 75 106

% 7 76 86 15 78 94 24 79 102

1 9 74 88 19 76 98 31 78 109

1'/4 10 77 88 21 79 97 34 81 106

11h 12 75 90 27 77 101 42 78 113

2 14 77 89 29 79 99 47 81 110

21/2 16 78 89 34 80 100 54 81 111

3 21 76 91 44 78 103 70 80 116

31/2 23 76 91 49 79 103 78 80 117

4 77 91 52 79 102 83 81 115_25
4'/2_ .

27 77 91 58 79 103 92 81 116

5 30 77 91 64 79 103 102 81 117

6 37 77 92 78 79 105 123 80 119

7 42 76 92 90 78 105 143 80 120

8 47 76 92 101 78 106 160 80 121

9 49 78 91 104 80 104 165 81 118

10 59 76 93 126 78 107 199 80 122

11 64 76 93 136 78 107 216 79 122

12 59 79 91 126 81 103 200 82 116

14 70 78 92 148 80 105 235 81 120

Insulation wall thickness 3/4 in.
y2 6

6

76
-.

80
85

80

12

12

78

82

91

90

19

20

79

83

98

95y,

1 7 79 86 16 81 92 25 82 100

11/4 8 82 85 17 84 91 26 85 97

11/4 9 82 86 20 83 93 31 84 100

2 11 82 86 23 84 93 37 85 101

21/2 12 84 87 27 84 94 43 85 102

3 15 82 87 33 84 96 53 85 105

3'/2 17 83 87 36
_,

84 95 58 85 105

4 19 83 87 40 84 96 64 85 105

41/2 20 84 87 42 85 95 68 86 104

5 22 83 88 48 84 96 77 85 106

6 26 83 88 56 85 97 89 85 107

IPS: nominal pipe size (in.). HL: heat loss (Btu per linear foot
of pipe); E: efficiency of insulation (%); Is temperature of
outside surface of insulation (°F).

Recommended Thicknesses
Wall thickness of insulation for cold water or chilled water
lines depends on pipe temperature and on atmospheric
conditions (temperature and relative humidity).

Most commonly, ambient conditions will not he more
severe than 90F temperature and 70% relative humidity.
Under these conditions, and with pipe surface tempera-
ture of 50F, insulation thickness of 1/2 inch will prevent
condensation on pipe of all sizes through 10 inch. For
larger sizes or more severe conditions, use the thicknesses
and jacket recommended for Cold Lines.

The suitability of PPG medium service insulation for
heated lines, in any specific installation, can be deter-
mined from the table at the left. If heat losses or insulation
surface temperatures must be lower than those obtainable
with this insulation, refer to recommendations in PPG
Bulletin covering Hot Water and Steam Lines.

Underwriters' Laboratories Fire Hazard
Classification (UL Standard 723)

Foil Exposed Kraft Exposed
Flame Spread 5 25

Fuel Contributed 0 0
Smoke Developed 0 40

Specification Compliance
HH-I-552: Insulation Pipe Covering, Thermal, and Insu-

lation Blanket, Thermal Pipe Covering, Type!, Molded,
Class A and Class B.

HH-I-562: Insulation, Thermal, Mineral Wool, Block or
Board, and Pipe Insulation (Molded) Type II, Classes
1, 2 and 3.

HH-I-558a: Insulation, Thermal (Mineral Fiber). Form
D, Type Ill, Class 12., Note: This specification super-
sedes HH-1-552 and HH-1-562.

ASTM-0547-64T: Mineral Fiber Preformed Pipe Insu-
lation.

MIL- l -22344B: Insulation, Pipe Covering, Thermal,
Fibrous Glass.

Fig. 18-2 Fiber Glass Specification
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Because of its insulating efficiency and case of application
PPG Flexible Insulation Tubing is exceptionally suitable
for use on many residential and commercial pipinl!
terns within the OF to 220F temperature range. These
include refrigerant and chilled water lines, hot water and
heating lines, and dual-temperature lines from a central
system to individual air-conditioning units. Limitations
of uses are primarily those imposed by size (Maximum
ID, 41/2') and wall thickness (Maximum 3/4").

PPG Flexible Insulation Tubing is a foamed elastomer
extruded to form a tough, flexible tube. The foaming
process produces innumerable tiny, closed air cells, giving
this tubing a high thermal insulating value.

Water absorption and vapor transmission are very low,
assuring maintenance of insulating properties even under
severe moisture conditions. No jacket or other protection
is needed. The Tubing may, however, he color-coated if
desired for appearance or for coding the lines.

This insulation is also highly resistant to deterioration
from exposure to oxygen, ozone, moisture, corrosive
atmospheres and oils and solvents. It resists fungus and
vermin. It is self-extinguishing.

PPG Flexible Insulation Tubing can he quickly and
easily snapped over existing piping or slipped on new pipe
before it is installed. It follows the contour of gradual
bends; where covers for fittings arc required they are
easily fabricated from the Tubing. Adhesive, used at all
joints, bonds the insulation on a whole system into virtu-
ally a single unit.

Sizes and Thicknesses
Iron Pipe

Nominal Size (inches) Thicknesses Available (inches)

1/4" through 2'
21/2" through 4"

Ye, 1/2',
1/2°, 3/4"

3/4"

Copper Water Tubing
Nominal Size (inches) Thicknesses A vailable (inches)

y8° through 21/8"
1543" through 4V8'

Ys", 1/2°,

1/2 % 3/4"

3/4"

All tubing is supplied in 6-foot lengths, unslit. On
special order the same material can be supplied in sheet
form. Standard sheets are 24" by 60"; thicknesses from
ye to I".

Physical Properties*
Density: 5.5 to 6.5 Ibicu ft. (ASTM D 1667-64)
Water Absorption: Maximum 10% by weight.

(ASTM D 1056-62T)
Temperature Range: 50F to 220F.
Flame Resistance: S ,Atinguishing.

(ASTM D 1692-59 t )

Fungus and Vermin Resistance: Excellent.
Cementability: Excellent.
"k" Factor @. 75F: 0.28 Btu/hr/sq ft/°F/inch.

(ASTM C 177-63)
Ozone Res:stance: Excellent.
Odor: Negligible
Water Vapor Permeability: 0.12 perm-in max.

(ASTM C 355-64)
Linear Shrinkage: (ASTM C 548-64T) 28 days @, 150F,

1.80/, max.; at 200F, 3.2% max.; @, 220F, 3.6% max.

*Determined on tubing of 1/2' wall thickness. May vary slightly for
other thicknesses.

Specification Compliance
HH-1-00573a (GSA-FSS): Insulation, Thermal, Flexible

Unicellular Sheet and Pipe Covering.

M1L-P-15280 D: Plastic Foam, Unicellular, Sheet and
Tubular Form, Elastomeric.

ASTM C 534-64T: Preformed Flexible Elastomeric Cellu-
lar Thermal Insulation in Sheet and Tubular Form.

Fig. 18-3 Flexible Insulation Tubing
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CHAPTER 19

INSPECTION AND TESTING

General: One of the major duties of the Plumbing Inspector is to make
sure that all of the work shown on the plans and specified is installed

to comply with the requirements of the documents.

The inspection and testing procedure will continue during the progress of
the work and until acceptance by the Owner or his representative. The
quality of the work will usually be the best where the tests are performed
in progressive stages.

Visual: The inspection of materials begins when they arrive on the job.
The actual item should be checked against the approved material list
which is in the Inspector's files. Any deviations should be noted, and

reported to the Architect/Engineer.

The quality of the finish material should be checked for any defects such
as hairline cracks in fixtures, chrome peeling on the brass fixtures,
warped backs on vitreous fixtures so that they do not set true to the
wall line, and similar conditions.

All pipe and fixtures must be checked to assure that the supports are
adequate, and the piping has room for expansion.

The testing procedures as reproduced herein from the Uniform Plumbing Code,
1973 Edition, are those normally used; the test of time has proved them
to be adequate for the piping systems under normal circumstances.

Drainage and Vent System:

Water Test: The water test is simpler to make than the air test for
drainage and vent systems. Some types of joints, however, will not with-
stand as much pressure as others. About 100-120 ft. vertically is the
maximum for cast iron pipe with poured joints. Screwed pipe cat be tested
at one filling to a vertical height of 200-250 ft. Copper tubing with
sweat joints can also be tested to a similar height.

Air Test: It is more difficult to find leaks at the joints with an air
test unless soap and water is used at the suspected joint.

Smoke Test: Where the smoke test is used, it is made by filling all traps
with water, then filling the entire system with a pungent, thick smoke,
usually produced by a smoke machine. When the smoke appears at the high-
est opening, it is closed, and a pressure of 1 in. water column is pro-
duced and held for at least 15 minutes before an examination of all joints
is made. The doors and windows should be kept closed during this test to
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confine the smoke, as it is difficult to detect a small leak if the smoke
disperses rapidly. A soap solution will often show up the leak when
applied externally to the joint.

Odor Test: This is accomplished by closing all openings except the top
of one stack. About 1 oz. of oil of peppermint for every 25 ft. of stack,
but not less than 2 oz. is introduced, followed by a gallon or more of
boiling water. The stack is closed, and a search is made for the smell
of peppermint. This is a simple test, but may not be conclusive because
of lack of pressure in the pipes, or the odor may be so pervasive that
the source of the leak cannot be detected.

Final Test: After all fixtures are in place and the fixture traps are
filled with water the final test should be made. It is quite important.
The odor test or smoke test is often used under these circumstances.

The building sewer should be tested with water or air to assure that it is
tight. Often, the water and sewer are laid in the same trench, so there
is a chance for contamination unless a suitable water or air test is

applied.

Water Supply System:

The entire hot and cold water system must be tested before the pipes are
concealed in the walls or ceiling. The test can be made with water or
air as described in the Uniform Plumbing Code. Large projects usually

require that the water pressure shall be 50 to 100% higher than normal
operating pressure. This will make allowance for any surges in the sys-
tem. Since water is practically incompressible, a small hand force pump
connected at a convenient point can apply the extra pressure needed. Any

drop in pressure after the pump is stopped will indicate a leak. A water
test will usually show a leak faster than air because of its visibility.
This testing may be done progressively, but a final test should be made
after all fixtures and appliances are in place.

Storm Water System:

The entire storm water system installed within the building should be
tested the same as the drainage system.

Fuel Gas Systems:

The fuel gas systems as well as other gas systems must be tested. Refer
to the respective chapter headings for the testing procedure.
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Fire Protection Systems:

Refer to Chapter 14 for the tests to be performed, or to the NFPA pamph-
lets for the particular type of system being installed.

Landscape Piping:

Drainage and vent piping on the exterior should be tested the same as
specified for utility or interior systems.

The water piping on the pressure side of the shutoff valves shall like-
wise be tested the same as specified for utility or interior piping.

Disinfection:

The potable water supply system must be kept free from contamination dur-
ing the installation of both the interior and exterior piping and equip-
ment. As an extra safeguard, all piping must be thoroughly flushed ay
opening valves at the ends of the lines and let the water run at full
force. After this is done, it is good practice to fill the hot and cold
water systems with a solution containing 50 parts per million of available
chlorine and allow it to stand for at least 6-1/2 hours before flushing
and returning the line to service. During this tie a trickle should be
allowed at each fixture outlet for a thorough disinfection job. If a
solution containing 100 parts per million is used the time can be reduced
507,. Flush the lines thoroughly after disinfecting them.

Not all codes require the disinfection. The Inspector should be guided
by the plans and specifications prepared by the Architect/Engineer.

Welding Procedures:

The student is referred to the Air Conditioning, Heating and Ventilating
Manual, Section 2 of the Course of Study - Construction Supervision and
Inspection for a discussion regarding the inspection of welded joints.

Normally, the welding included under that Section is much more inclusive
than is required in the Plumbing Section.

The procedure for the certification of welders for various classes of
work is also included under the same Section.

Piping Systems:

The following itemized list is repeated from the above reference, Section
3, because it is applicable to all piping systems discussed in this manual.
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Piping Check Points; verify that:

1. Pipe and fittings delivered to the job meet specifications.

2. Pipe is stored in a clean location.

3. All welders have current certifications, and have an assigned
identification stamp.

4. Pipe sleeves are in the proper location in walls and allow for
the horizontal pitch of the pipe.

5. Sleeves are large enough to permit some pipe movement, and
large enough to allow for pipe insulation if called for in
the specifications.

6. Where pipes pass vertically through a waterproof floor slab
with a membrane, the membrane is flashed or otherwise made
watertight around a permanent sleeve.

7. Pipe hanger inserts and anchor attachments are placed in the
forms prior to the concrete pour. Inserts are on the speci-
fied center distances, and at changes of direction of the
piping.

8. There is enough room 1-etween pipes to insulate, wrap, and
paint them.

9. Spring hangers are provided to support hot pipes that may
lift off the supports.

10. Thrust blocks are in place prior to test and backfilling
for slip-joint type underground piping.

11. Provision h's been made for venting and draining piping.

12. Provision has been made for expansion of piping to protect
pumps and similar equipment from excessive forces.

13. Thread engagement is correct.

14. Threaded pipe ends are reamed.

15. Size reductions and increases are made with bell reducers,
not bushings.
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16. Pipe hangers supporting pipe subject to movemer_ from thermal
expansion have a non-rigid connection to the structure, such
as linked eye-rods.

17. Pipe has the proper pitch, as covered in this section.

18. Pipes are sufficiently supported to take the weight off of
flexible connectors.

19. Restrainer bolts are installed on flexible connectors to
prevent them from blowing apart when pressurized.

20. Hangers are adjusted for equal load. Clevis hangers bolted
to hanger rod with two nuts; above and below upper strap.

21. Steam strainers blow off tc a safe place.

22. Strainer baskets can be withdrawn without interference.

23. Strainer blow off valve same size as connection on strainer
body.

24. Relief valves discharge to a safe place, and drained in the
case of a vertical riser so water will not collect against
the top of the seat.

25. Vents from natural gas pressure regulators are piped to a
safe place (to a vented firebox, or to atmosphere).

26. Shut-off valves located for easy accessibility.

27. Gas shut-off valve located outside the building.

Fixtures:

Operate all fixtures to check for leaks around the trim, splashing, noisy
pipes, proper flushing, and generally satisfactory operation.

Punch List:

This list is prepared when the Contractor notifies the Architect/Engineer
that all systems are complete and functioning properly. If there has been

a good relationship between the Inspector and the Contractor the final
list should not be extensive. It will include any unfinished items of
work, items denoting poor workmanship, missing or faulty trim or fixtures.
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The Contractor shall operate all systems and all equipment long enough to
prove that they meet the requirements of the contract documents.

The Inspector shall be preseLt when the Contractor operates the equipment
and instructs the personnel of the Owner in its use.

The final detailed list is prepared and submitted to the Architect/Engineer
for review before transmittal to the General Contractor.

After an agreed upon time to complete the work outlined on the list, a re-
inspection is made before final certification is given that the work is
satisfactory. This generally leads to acceptance of the work by the
Owner.

Acceptance by the Owner:

The acceptance by the Owner does not relieve the Contractor of all future
obligation regarding the work.

The Contract Documents generally contain a clause that provides the Owner
with a guarantee on workmanship and materials for one year after accept-
ance, and also a clause on latent defects and omissions that could not
be reasonably observed during inspection, such as concealed items; this
may extend beyond one year.

The more diligent the Inspector is, the less likely that defects will
later occur, that could lead to costly litigation.

It is suggested that the student review Chap:er 1, Plumbing Inspection,
to assess the valuable position of the Inspector in the construction
industry.
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Sec. 309 Workmanship

(a) All design, construction and workmanship shall be in con-
formity with accepted engineering practices and shall be of such
Character as to secure the results sought to be obtained by
this code.

(b) It is unlawful to conceal cracks, holes or other imperfec-
tions in materials by welding, brazing or soldering or by using
therein or thereon any paint, wax, tar or other leak-sealing or
repair agent.

Sec. 310 Prohibited Fittings and Practices

(a) No double hub fitting, single or double tee branch, single
or double tapped tee branch, side inlet quarter bend, running
thread, band or saddle shall be used as a drainage fitting, except
that a double hub sanitary tapped tee may be used on a vertical
line as a fixture connection.

(b) No drainage or vent piping shall be drilled and tapped for
the purpose of making connections thereto, and no cast iron soil
pipe shall be threaded.

(c) No waste connection shall be made to a closet bend or
stub of a water closet or similar fixture.

(d) Except as hereinafter provided in Sections 613, 614 and
615, no vent pipe shall be used as a soil or waste pipe.

(e) No fitting, fixture and piping connection, appliance, device
or method of installation which obstructs or retards the flow of
water, wastes, sewage or air in the drainage or venting systems
in an amount greater than the normal frictional resistance to
flow, shall be used ',Hess it is indicated as acceptable in this
code or is approved by the Administrative Authority as having
a desirable and acceptable function and as of ultimate benefit
to the proper and continuing functioning of the plumbing system.
The enlargement of a three (3) inch closet bend or stub to four
(4) inches shall not be considered an obstruction.

(f) Except for necessary valves, where intermembering or
mixing of dissimilar metals occur, the point of connection shall
be confined to exposed or readily accessible locations.

(g) All valves, pipes and fittings shall be installed in correct
relationship to the direction of flow.

Sec. 315 Protection of Piping, Materials and Structures

(a) All piping passing under or through walls shall be pro-
tected from breakage. All piping passing through or under cinders
or other corrosive materials, shall be protected from external
corrosion in an approved manner. Approved provisions shall be
made for expansion of hot water piping. Voids around piping
passing through masonry floors on the ground shall be appropri-
ately sealed.

(b) All piping in connection with a plumbing system shall be so
installed that piping or connections will not be subject to undue
strains or stresses, and provisions shall be made for expansion,
contraction and structural settlement. No piping shall be directly
embedded in concrete or masonry walls or footings. No structural
member shall be seriously weakened or impaired by cutting,
notching or otherwise, and unless impractical due to structural
conditions, all wood beams, girders, joists, studs and similar
construction shall be bored with holes approximately the same
diameter as the pipes passing through them.
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Sec. 318 Inspection and Testing
1. Inspections

(a) ScopeAll new plumbing work and such portions of existing
systems as may be affected by new work, or any changes, shall
be inspected by the Administrative Authority to insure compliance
with all the requirements of this code and to assure that the
installation and construction of the plumbing system is in
accordance with approved plans.

(b) Advance notice It shall be the duty of the person doing
the work authorized by the permit to notify the Administrative
Authority orally or in writing that said work is ready for inspection.
Such notification shall be given not less than twenty-four (24)
hours before the work is to be inspected.

(c) Responsibility It shall be the duty of the holder of a permit
to make sure that the work will stand the test prescribed before
giving the notification.

(d) RetestingIf the Administrative Authority finds that the
work will not pass the test, nt :essary corrections shall be made
and the work shall then be re..,ubmitted for test or inspection.

(e) TestTests shall be conducted in the presence of the Ad-
ministrative Authority or of his duly appointed representative.

(f) CorrectionsNotices of correction or violation shall be
written by the Administrative Authority and may be posted at
the site of the work or mailed or delivered to the permittee or
his authorized representative. Refusal, failure or neglect to comply
with any such notice or order within ten days of receipt thereof,
shall be considered a violation of this code, and shall be subject
to the penalties set forth elsewhere in this code for violations.

(g) ApprovalUpon the satisfactory completion and final test
of the plumbing system, a certificate of approval shall be issued
by the Administrative Authority to the permittee on demand.

(h) Covering or UsingNo plumbing or drainage system, build-
ing sewer, private sewer disposal system or part thereof, shall
be covered, concealed or put into use until it has been tested,
inspected and accepted as prescribed in this code.

(i) UncoveringAny drainage or plumbing system, building
sewer, private sewage disposal system or part thereof, which is
installed, altered or repaired, is covered or concealed before
being inspected, tested and approved, as prescribed in this code,
it shall be uncovered for inspection after notice to uncover the
work has been issued to the responsible person by the Adminis-
trative Authority.

2. Testing
(a) ResponsibilityThe equipment, material and labor necessary

for inspection or tests shall be furnished by the person to whom
the permit is issued or by whom inspection is requested.

(b) MediaThe piping of the plumbing, drainage and venting
systems shall be tested with water or air. The Administrative
Authority may require the removal of any cleanouts, etc., to
ascertain if the pressure has reached all parts of the system.
After the plumbing fixtures have been set and their traps filled
with water, they shall be submitted to a final test.

(c) Water testThe water test shall be applied to the drainage
and vent systems either in its entirety or in sections. applied to
the entire system, all openings in the piping shall be tightly
closed, except the highest opening, and the system filled with
water to point of overflow. If the system is tested in sections, each
opening shall be tightly plugged except the highest opening of
the section under test, and each section shall be filled with water,
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but no section shall be tested with less than a ten (10) foot head
of water. In testing successive sections at least the upper ten
(10) feet of the next preceding section shall be tested, so that
no joint or pipe in the building (except the uppermost ten (10)
feet of the system) shall I. we been submitted to a test of less
than a ten (10, foot head of water. The water shall be kept in
the system, or it the portion under test, for at least fifteen (15)
minutes befcre inspection starts; the system shall then be tight
at all point

(d) Air testThe air teat shall be made by attaching an air
compressor testins apparatus to any suitable opening, and, after
clo *ng all other inlets and outlets to the system, forcing air into
tit.: system until there is a uniform gage pressure of five (5)
pounds per square inch or sufficient to balance a column of
mercury ten x10) inches in height. The pressure be held
without introduction of additional air for a period of at least
fifteen (15) minutes.

(e) Buildins. sewer testBuilding sewers shall be tested by
plygging the end of the building sewer at its points of connection
with the public sewer or private sewage disposal system and
completely filling the building sewer with water from the lowest
to the highest point thereof, or by approved equi4alent low pres-
sure air test, or by such other test as may be prescribed by the
Administrative Authority. The building sewer shall be water-tight
at all points.

(f) Water pipingUpon completion of a section or of the entire
hot and cold water supply system, it shall be tested and proved
tight under a water pressure not less than the working pressure
unc' which it is to be used. The water used for tests shall be
obtained from a potable source of supply. A fifty (50) pounds
per square inch air pressure may be substituted for the water
test. In either method of test the piping shall withstand the
test without leaking for a period of not less than fifteen (15)
minutes.

(g) Defective systemsAn air test shall be us in testing the
sanitary condition of the drainage or plumbing system of any

building or premises when there is reason to believe that it has
become defective. In buildings or premises condemned by the
proper Administrative Authority because of an insanitary con-
dition of the plumbing system or part thereof, the alterations in
such system shall conform to the requirements of this code.

(h) Moved' StructuresAll parts of the plumbing systems of
any building or part thereof that is moved from one foundation
to another, or frc one location to another shall be completely
tested as prescribed elsewhere in this section for. new work, ex-
cept that walls or fit rs need not be removed during such test
when other equival means of inspection acceptable to the
Administrative Auth ity are provided.

(i) Test waivedNc. t-st or inspection shall be required where
a plumbing system or part thereof, is set up for exhibition
purposes and has no connection with a water or drainge system.

(j) ExceptionsIn cases where it would be impractical to pro-
vide the aforementioned water or air tests, or for minor installa-
tions and repairs, the Administrative Authority at his discretion,
may make such inspection as he deems advisable in order to
assure himself that the work has been performed in accordance
with the intent of this cc-le.

(k) Tests for Shower ReceptorsShower receptors shall be tested
for water tightness by filling with water to the level of the rough
threshold. The test plug shall be so placed that both upper and
under sides of the subpan shall be subjected to the test at the
point where it is clamped to the drain.
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APPENDIX

A-1 DEFINITIONS

ABS: Acrylonitrile-Butadiene-Styrene. (UPC)

Administrative Authority: The Administrative Authority is the individual
official board, department or agency established and authorized by a
state, cornty, city, or other political subdivision created by law to
administer and enforce the provisions of the plumbing code as adopted or
amended. (UPC)

Airbreak: An airbreak is a physical separation which may be a low inlet
into the indirect waste receptor from the fixture, appliance or device
indirectly connected. (UPC)

Airgap: The unobstructed vertical distance thru the free atmosphere be-
tween the lowest opening from any pipe or faucet conveying water or waste
to a tank, plumbing fixture, receptor or other device and the flood level
rim of the receptacle. (UPC)

Airlock: Air or other gas entrapped in a liquid in a pipe or container so
that the flow of the liquid is slowed or stopped by the entrapped gas.

Appurtenance: A device which adds no additional requirement or load to
the system, and which contributes to the operation, maintenance, servic-
ing, or safety of the system.

Backflow: The flow of water or other liquids, mixtures, or substances in-
to the distributing pipes of a potable supply of water from any source or
sources other than its intended source. (UPC)

Back Siphonage: The flowing back of used, contaminated, or polluted water
from a plumbing fixture or vessel into a water supply pipe due to a nega-
tive pressure in such pipe. (UPC)

Blowoff: A valved outlet from a pipeline used to discharge water, steam,
sludge, or other fluid waste, such as boiler blowoff.

Branch Vent: A vent connecting one or more individual vents with a vent
stack or stack vent. (UPC)

Brazed Joint: A brazed joint is any joint obtained by joining of metal
parts with alloys which melt at temperatures higher than 1000 F, but
lower than the melting temperature of the parts to be joined. (UPC)

Building Drain: The building drain is that part of the lowest piping of
a drainage system which receives the discharge from soil, waste and other
drainage pipes inside the walls of the building and conveys it to the
building sewer beginning two (2) feet outside the building wall. (UPC)
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Building Sewer: The building sewer is that part of the horizontal piping
of a drainage system which extends from the end of the building drain and
which receives the discharge of the building drain and conveys it to a
public sewer, private sewer, individual sewage-disposal system or other
point of disposal. (UPC)

Bull-Headed Tee: A tee in which the branch is larger than the run.

Circuit Vern:: A branch vent that serves two or more traps and extends
from in front of the last fixture connection of a horizontal branch to
the vent stack. (UPC)

Combination Waste and Vent System: A specially designed system of waste
piping embodying the horizontal wet venting of one or more sinks or floor
drains by means of a common waste and vent pipe adequately sized to pro-
vide free movement of air above the flow line of the drain. (UPC)

Continuous Vent: A vertical vent that is a continuation of the drain
to which it connects. (UPC)

Continuous Waste: A drain connecting the compartments of a set of fix-
tures to a trap or connecting other permitted fixtures to a common trap.
(UPC)

Cross Connection: Any connection or arrangement, physical or otherwise,
between a potable water supply system and any plumbing fixture or any
tank, receptacle, equipment or device, through which it may be possible
for non-potable, used, unclean, polluted and contaminated water, or other
substances to enter into any part of such potable water system under any
condition. (UPC)

Durham System: A term used to describe soil or waste systems where all
piping is of threaded pipe, tubing or other such rigid construction,
using recessed drainage fittings to correspond to the types of piping.
The system must present a smooth and continuous interior surface. (UPC)

Flush Valve: A device located at the bottom of the tank for the purpose
of flushing water closets and similar fixtures. (UPC)

Flushometer Valve: A device which discharges a predetermined quantity of
water to fixtures for flushing purposes and is actuated by direct water
pressure. (UPC)

Industrial Waste: Any and all liquid or water borne waste from industrial
or commercial processes except domestic sewage. (UPC)
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Insanitary: A condition which is contrary to sanitary principles or is
injurious to health.

Conditions to which the word "insanitary" shall apply include the
following:

I. Any trap which does not maintain a proper trap seal.

2. Any opening in a drainage system, except where law-
ful, which is not provided with an approved water-
sealed trap.

3. Any plumbing fixture or other waste discharging
receptacle or device, which is not supplied with
water sufficient to flush it and maintain it: in a
clean condition.

4. Any defective fixture, trap, pipe or fitting.

5 Any trap, except where in this code exempted,
directly connected to a drainage system the seal of
which is not protected against siphonage and back
pressure by a vent pipe.

6 Any connection, cross-connection, construction or
condition, temporary or permanent which would per-
mit or make possible by any means whatsoever, for
any unapproved foreign matter to enter a water dis-
tribution system used for domestic purposes.

7. The foregoing enumeration of conditions to which the
term "insanitary" shall apply shall not preclude the
application of that term to conditions that are in
fact insanitary. (UPC)

Interceptor: A device designed and installed so as to separate and retain
deleterious, hazardous, or undesirable matter from normal wastes and per-
mit normal sewage or liquid wastes to discharge into the disposal terminal
by gravity. (UPC)

Liquid Waste: The discharge from any fixture, appliance or appurtenance
in connection with a plumbing system which does not receive fecal matter.
(UPC)

Listed: Equipment or materials included in a list published by a listing
agency that maintains periodic inspection on current production of listed
equipment or materials and whose listing states either that the equipment
or material complies with approved standards or has been tested and found
suitable for use in a specified manner. (UPC)
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Loop Vent: Any vent connecting a horizontal branch or fixture drain with
the stack vent of the originating waste or soil stack. (UPC)

Nuisance: Nuisance includes, but is not limited to:

1. Any public nuisance known at common law or in equity
jurisprudence.

2. Whenever any work regulated by this code is dangerous
to human life or is detrimental to health and property.

3. Inadequate or unsafe water supply or sewage disposal
system. (UPC)

Plumbing: The business, trade or work having to do with the installation,
removal, alteration or repair of plumbing and drainage systems or parts
thereof. (UPC)

Plumbing Fixtures: Approved type installed receptacles, devices or
appliances which are supplied with water or which receive liquid or liquid
borne wastes and discharge such wastes into the drainage system to which
they may be directly or indirectly connected. Industrial or commercial
tanks, vats and similar processing equipment are not plumbing fixtures,
but may be connected to or discharged into approved traps or plumbing fix-
tures when and as otherwise provided for elsewhere in this code. (UPC)

Plumbing System: The plumbing system means and includes all potable
water supply and distribution pipes, all plumbing fixtures and traps, all
drainage and vent pipe and all building drains, including their respec-
tive joints and connections, devices, receptacles and appurtenances with-
in the property lines of the premises and shall include potable water
piping, potable water treating or using equipment, fuel gas piping, water
heaters and vents for same. (UPC)

Roughing-In: The installation of all parts of the plumbing system which
can be completed prior to the installation of fixtures. This includes

drainage, water supply, gas piping, and vent piping and the necessary fix-
ture supports. (UPC)

Sewage: Any liquid waste containing animal or vegetable matter in sus-
pension or solution and may include liquids containing chemicals in
solution. (UPC)

Shall: The word "shall" is a mandatory term. (UPC)
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Soldered Joint: A soldered joint is a joint obtained by the joining of
metal parts with metallic mixtures or alloys which melt at a temperature
below 1000° F. and above 300° F. (UPC)

Special Wastes: Wastes which require some special method of handling
such as the use of indirect waste piping and receptors, corrosion resis-
tant piping, sand, oil or grease interceptors, condensers, or other pre-
treatment facilities. (UPC)

Stack: The vertical main of a system of soil, waste or vent piping ex-
tending through one or more stories. The extension above the highest
horizontal drain connected to it is called the stack vent. (UPC)

Trap: A Eitting or device so designed and constructed as to provide when
properly vented, a liquid seal which will prevent the back passage of air
without materially affecting the flow of sewage or waste water through
it. (UPC)

Tucker Fitting: A cast iron coupling one opening of which is threaded for
screw pipe and the other opening of which has a hub to receive the spigot
end of a pipe.

Vacuum Breaker: A device to prevent the creation or formation of a vac-
uum. Often referred to as a backflow preventer.

Vent Stack: A vertical vent pipe installed primarily for the purpose of
providing circulation of air to and from any part of the drainage system.
(UPC)

Vent System: A pipe or pipes installed to provide a flow of air to or
from a drainage system or to provide a circulation of air within such
system to protect trap seals from ciphonage and back pressure. (UPC)

Waste Pipe: A pipe which conveys only liquid wastes free of fecal
matter. (UPC)

Welded Joint or Seam: A welded joint or seam is any joint or seam ob-
tained by the joining of metal parts in the plastic molten state. (UPC)

Welder, Pipeline: A person who specializes in welding of pipes and holds
a valid certificate of competency from a recognized testing laboratory,
based on the requirements of the A.S.M.E. Boiler and Pressure Vessels
Code Section 9. (UPC)

Wet Vent: A vent which also serves as a drain. (UPC)

Yoke Vent: A pipe connecting upward from a soil or waste stack to a vent
stack for the purpose of preventing pressure changes in the stacks. (UPC)
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A-2
Plumbing Material Standards

Abbreviations used in Table A refer to standards or specifica-
tions issued by the organizations identified below:

AHAM Association of Home Appliance Manufacturers, 20
North Wacker Drive, Chicago, Illinois 60606

ANSI American National Standards Institute, 1430 Broadway,
New York, New York 10018. (Formerly ASA, USASI)

ASTM American Society for Testing and Materials, 1916 Race
Street, Philadelphia, Pennsylvania 19103. Publish
Standards and Tentative Standards.

CS Commercial Standards, representing voluntary stand-
ards of trade, prepared under the procedure of the
National Bureau of Standards and published by the
United States Department of Commerce. Obtainable
from the Superintendent of Documents, United States
Government Printing Office, Washington, D.C. 20402

FS Federal Specifications, published by the Federal Speci-
fications Board. Obtainable from the Superintendent of
Documents, United States Government Printing Office,
Washington, D.C. 20402

IAPMO International Association of Plumbing and Mechanical
(UPC) Officials, 5032 Alhambra Avenue, Los Angeles, Ca:.-

fornia 90032. Publish Installation (IS) and Product (PS)
Standards.

PDI Plumbing and Drainage Institute, 1018 North Austin
Boulevard, Oak Park, Illinois 60302

UL Underwriters' Laboratories, Incorporated, 207 East Ohio
Street, Chicago, Illinois 15420

All standards and specifications for materials are subject to
change. Designations, carrying indication of the year of issue,
may thus become obsolete.

UPC-73
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TABLE A - PLUMBING MATERIAL STANDARDS

MATERIALS AND PRODUCTS ANSI ASTM FS

IAPMO
=1420=

OTHER
STANDARDS

FOOTNOTES
REMARKS

FERROUS PIPE AND FITTINGS:
Black and galvanized steel pipe B125.2(1970) A120-69 WW-P-406c(1)1971
Cast iron pressure fittings A21.10(1964)
Cast iron pressure pipe A21.1(1967) A377-66 WW-P-421c(1967)
Cast iron screwed fittings (125 and 250 lbs.) B16.4(1963) A126-66 WW-P-501d(1967)
Cast iron soil pipe and fittings A112.5.1(1968) A74-69 WW-P-401d(1969)
Cast iron threaded drainage fittings B16.12(1971) WW-P-491b(1967)
Hub less cast iron soil pipe and fittings IS 6-72

(Installation)

Malleable iron screwed fittings (150 and 300 lbs.) 816.3(1971) WW-P-521F(1968)
Pipe threads (Except Dryseal) 82.1(1968)

Special cast iron fittings (UPC-specials) PS 5-71
Subdrains for built up shower pans PS 16-66
Threaded cast iron pipe for DWV services A40.5(1943) WW-P-3564(1967)
Welded wrought iron pipe B36.2(1 969) A72-68
NONFEROUS PIPE i FITTINGS:
Cast brass and tubing "P" traps PS 2-66
Cast bronze fittings for flared copper tubes B16.26(1967)
Cast bronze screwed fittings (125 and 250 lbs.) B16.15(1971) WW-P-460b(1967)
Cast bronze solder-joint drainage fittings 816.23(1969)
Cast bronze solder-joint pressure fittings B16.18(1963)
Copper drainage tube (DWV) 8306.72
Copper or red brass tube and drainage tube IS 3-69

(Installation)
Diversion tees and twin waste eioow PS 9-66
Drains for prefabricated and precast showers PS 4-66
Flexible copper water connectors PS 14-71

Seamless brass tube B135-71A WW-T-791a(1971)
Seamless copper pipe H26.1-1967 B42-72 WW-P-377d(1962)
Seamless copper tube B75.72 WW-T-797c(1963)
Seamless copper water tube (K, L & M) H23.1-1970 B88-72 WW-T-79913(1971)
Seamless red brass pipe H27.1-1967 B43-72 WW-P-351 a(1963)
Tubing trap wall adapters PS 7-66
Welded red brass (copper allow 230) drainage tube PS 29-69
Welded red brass (copper allow 230) water tube PS 28-69
Wrought copper and bronze solder joint pressure fittings B16.22-1963
Wrought copper and wrought copper alloy solder-joint

drainage fittings B16.29-1968
NONMETALLIC PIPING:
Acrylonitrile-butadiene-styrene (AB.4 DWV pipe

and fittings (Installation) IS 5-71
Acrylonitrile-butadiene-styrene (ABS) DWV pipe

and fittings/with Addendum PS 17-71
Asbestos cement non-pressure small diameter sewer pipe C644-71 Note 4
Asbestos cement pressure pipe C296-72 SS-P-351c(1968)
Asbestos cement plumbing vent pipe MS 2-55 Notes 1 & 2
Compression joints, vitrified clay pipe, bell and spigot pipe C425-71
Extra strength clay pipe C200-69
Fittings for joining polyethylene pipe for water service and

yard piping PS 25-69
Homogenous bituminized fiber drain and sewer pipe D1861-69 Note 1
Hot pour joints (clay pipe) SS-S-169(1954)
Nonmetallic building house sewers (Installation) IS 1.71
One piece molded rubber coupling for plain end vitrified

clay sewer pipe joints PS 19-66
Polyethylene building supply (water service lines)....(Installation) IS 7-72

UPC-73
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A-2

TABLE A - PLUMBING MATERIAL STANDARDS

MATERIALS AND PRODUCTS ANSI ASTM FS IAPMO
OTHER

STANDARDS
FOOTNOTES
REMARKS

Poiveti Ilene pipe (building supply)
Polyethylene (PE 3406) natural gas yard piping
Poly (vinyl chloride) (PVC) natural gas yard piping
Poly (vinyl chloride) (PVC) DWV (Installation)
Poly (vinyl chloride) (PVC) DWV Pipe 8 Fittings
PVC Pipe and fittings with rubber gasketed joints

for cold water service and yard piping
Rubber rings for asbestos cement pipe
Solvent cemented poly (vinyl chloride) (PVC) pipe for water

yard piping (Installation)
Supplemental to ASTM Standard D 2665 PVC-DWV .......
PLUMBING FIXTURES:
Cultured marble lavatory
Enameled cast iron plumbing fixtures
Grease interceptors
Job fabricated shower receptors (Installation) .

Plumbing fixtures for land use
Prefabricated shower receptors, shower enclosures anu

metallic bathtubs
Stainless steel fixtures
Staple vitreous china plumbing fixture
Vie lined Roman bath tubs (Installation)
VALVES:
Sackflow prevention devices
Back water, sewer
Bronze gate
Cast Iron Gate

Globe-type log l'ghter valves (gas)
L.P. gas
Pressure reducing and regulating valves
Relief valves and automatic gas shutoff devices for hot water

supply systems

APPLIANCES AND EQUIPMENT:
Automatic storage type water heaters with input less than

50,000 Btu per hour, Approval requirements for. Vol. 1
Circulating tank, instantaneous and large automatic storage

type water heaters, Approval requirements for, Vol. III
Draft hoods, Listing requirement for

Electric water heaters
Gas fired steam and hot water boilers

Addenda to Z21.13-1967, 221.13B-1971
Metal connectors for gas appliances

Addenda to Z21.24-1967, Z21.24B-1969
Oilfired boilers
Oilfired water heaters
Vents, gas
MISCELLANEOUS:
Compound plumbing fixture setting
Copper sheet, strip, plate and rolled bar
Dishwasher drain airgaps
Leaded yellow brass sand castings for general purposes
Prefabricated concrete septic tanks
Plant applied protective pipe coatings
Protectively coated pipe, installation of
Rubber gaskets for cast iron soil pipe and fittings ...........
Sheet lend
Sheet steel or iron, galvanized
Solder metal

Z124.1(1967)
Z124.2(1967)

221.22-1964
Z21.22.1971

Z21.10.1.1971

Z21.10.3-1971
Z21.12-1971

Z2I.13-1967
221.13a-1968
Z21.24-1967
Z21.24a-1968

D2665-68

D1869-66

WW-V-541(1971)

WW-V-54c(1966)
WW-V-58a(1966)
WW-V-58b(1971)

HH-C-536a(1954)
B152.71-A

B146-70

C-564-70

QQ-L-201 f(2X1970)
A525-70
B32-70 QQ-S-571d(1963)

PS 24-72
IS 12-71

IS 10-71

IS 9-71

IS 14-72

IS 8-71
PS 27-69

PS 18-72

PS 13-66
IS 4-69

PS 11-72

IS 2-65

PS 31-71
PS 8-71

PS 10-66

PS 15-66
PS 15-71

PS 20-65

PS 23-69

PS 1-66
PS 22-71

IS 13-71

1 Limited to domestic sewage
2 Sizes 3" and larger, when installed six (6) inches above the uppermost fixture in the building
3 Classification 6A for cleanoct plugs
4 Type II only
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CS 77-63

CS 243-62
CS 20-63

UL 125 1968

UL 132 1958

UL 174 1956

UL 726 1963
UL 732 1955
UL 441 1964

AHAM HS-1

PDI Standard
G101 by
reference

Note 3



A-3

QUALITY AND WEIGHTS OF MATERIALS

ALTERNATE MATERIALS

ALTERNATE METHODS OF CONSTRUCTION

Section 201 Minimum Standards

(a) Unless otherwise provided for in this code, all materials,
fixtures or devices used or entering into the construction of
plumbing and drainage systems or parts thereof, shall be sub-
mitted to the Administrative Authority for his approval and shall
conform to approved applicable standards or to other equivalent
standards acceptable to the Administrative Authority and shall be
free from defects. All pipe, pipe fittings and fixtures shall be
listed or labeled by a listing agency or shall be approved by the
Administrative Authority when listing or labeling by a listing
agency is not available.

(b) Each length of pipe and each pipe fitting, trap, fixture,
material and device used in a plumbing system shall have cast,
stamped, or indelibly marked on it the maker's mark or name,
the weight and the quality of the product, when such marking
is required by the approved standard that applies. All materials
and devices used or entering into the construction of plumbing
and drainage systems or parts thereof shall be marked and identi-
fied in a manner satisfactory to the Administrative Authority.

(c) Standards listed or referred to in this chapter cover materials
which will conforri to the requirements of this code, when used
in accordance with the limitations imposed in this or other
chapters thereof. Design and materials for special conditions or
materials not provided for herein may be used only by special
permission of the Administrative Authority after he has satisfied
himself as to their adequacy. For the convenience of users of
this code a list of generally accepted plumbing material standards
is included at the end of this Manual, in Table "A".

(d) In existing buildings or premises in which plumbing instal-
lations are to be altered, repaired or renovated, the Administrative
Authority has discretionary powers to permit deviation from the
provisions of this code, provided that such a proposal to deviate
is first submitted for proper determination in order that health
and safety requirements as they pertain to plumbing shall
be observed.

(e) The provisions of this code are not intended to prevent the
use of any alternate material or method of construction provided
any such alternate has been first approved and its use authorized
by the Administrative Authority.

Sec. 202 Iron Pipe Size (I.P.S.) Pipe

Wrought iron, steel, brass and copper pipe shall be standard
weight iron pipe size (I.P.S.) pipe. Threads used in assembling
such pipe shall be standard taper pipe threads.

Sec. 203 Use of Copper Tubing

(a) Copper tube for underground drainage and vent piping
shall have a weight of not less than that of copper water tube
Type L.

(b) Copper tube for above ground drainage and vent piping
shall have a weight of not less than that of copper drainage tube
Type D.W.V.

(c) Copper tube shall not be used for chemical or industrial
wastes as defined in Section 612 of this code.

UPC-73
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A-3 (continued)

(d) Copper tube for water piping shall have a weight of not
less than that of copper water tube Type L. exception: Type M
copper tubing may be used for water piping when piping is

above ground in a building, or underground outside of structures.
(e) In addition to the required incised marking, all hard drawn

copper tubing shall be marked by means of a continuous and in-
delibly colored stripe at least one quarter (1/4) inch in width as
follows: Type K, green; Type L, blue; Type M, red; Type
DWV, yellow.

Sec. 204 Lead

See Table A. Sheet lead shall be not less than the following:
For safe pansnot less than four (4) pounds per square foot.
For fleshings of vent terminalsnot less than three (3) pounds

per square foot.
Lead bends and lead traps shall be not less than one-eighth

(1/8) inch wall thickness.

Sec. 205 Ferrules and Bushings

(a) Caulking ferrules shall be manufactured from bronze or
copper and shall be in accordance with Table 2-1.

(b) Soldering bushings shall be of bronze or copper in accord-
ance with Table 2-2.

Sec. 206 Floor Flanges

(a) Floor Flanges for water closets or similar fixtures shall be
of an approved type and shall be bronze, copper, hard lead,
cast iron, galvanized malleable iron, ABS, PVC or other approved
materials. Each such flange shall be approximately seven (7)
inches in diameter and when installed shall, together with the
soil pipe, present a one and one-half (1-1/2) inch wide flange or
face to receive the fixture gasket.

(b) Caulked-on flanges shall be not less than one-fourth (1/4)
inch thick and not less than two (2) inches in overall depth.

(c) Flanges shall be burned or soldered to lead bends or stubs,
shall be caulked to cast iron soil pipe, shall be solvent welded
to ABS and PVC and shall be screwed or fastened in an approved
manner to other materials.

(d) All such flanges shall be adequately designed and secured
to support fixtures connected thereto.

(e) Closet screws, bolts, washers and similar fasteners shall be
Df brass, copper or other equally corrosion resistant metal. All
such screws and bolts shall be of adequate size and number to
properly support the fixture installed.

Sec. 207 Cleanout Fittings

(a) Each cleanout fitting for cast iron pipe shall consist of a
cast iron or brass body, and an approved plug. Each cleanout
for galvanized wrought iron, galvanized steel, copper or brass
pipe shall consist of a brass plug as specified in Tables 2-3, 2-4,
or a standard weight brass cap, or an approved ABS or PVC plastic
plug. Plugs shall have raised square heads or approved counter-
sunk rectangular slots. Countersunk heads shall be used where
raised heads may cause a hazard.

UPC-73
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A-3 (continued)inued)

(b) Each cleanout fitting and each cleanout plug or cap shall
be of an approved type. Materials used for cleanouts shtil
conform to approved standards acceptable to the Administrative
Authority.

(c) Each cleanout shall be maintained gas and watertight.
Where a thread lubricant is used, such lubricant shall be an
approved non-hardening type. No gasket, packing or washer
shall be used to maintain any cieanout in a gas and watertight
condition.

Sec. 208 Thread or Solder Cup Type Fittings

(a) All plain screwed fittings shall be of cast iron, malleable
iron, bronze or copper of standard weights and dimensions.

(b) Drainage fittings shall be of cast iron, malleable iron,
bronze, copper, ABS or PVC with smooth interior waterway,
having thread, tapped out of solid metal except threaded fittings
of ABS and r L. shall be molded. The threads of drainage fittings
shall be tapped so as to allow one-fourth (1/4) inch per foot grade.
The solder cup of solder type fittings shall be formed so as to
allow one-fourth (1/4) inch per foot grade. No wrought copper or
wrought bronze drainage fittings shall be installed below ground.

(c) Cast iron fittings, up to and including two (2) inch, used
for water distribution, shall be galvanized.

(d) All malleable iron vent or water fittings shall be galvanized.

Sec. 209 Back Water Valves

Back water valves shall have cast iron or brass bodies, non-
corrosive bearings, seats and self aligning discs, and shall be
so constructed as to insure a positive mechanical seal and to
remain closed, except when discharging wastes. Such valves
shall remain sufficiently open during periods of low flows to
avoid screening of solids and shall not restrict capacities or
cause excessive turbulence during peak loads. Valve access
covers shall be bolted type with gasket and each valve shall
bear the manufacturer's name cast into body and cover.

Sec. 210 Valves and Fittings

(a) Gate valves when used on drainage work shall be full
way type with working parts of corrosion resistant metal. Sizes
four (4) inches or more in diameter shall have cast iron bogies,
and sizes less than four (4) inches, cast iron or brass bodies.

(b) Valves up to and including two (2) inches shall be brass or
other approved material and all fittings used for water shall be
galvanized cast iron, galvanized wrought iron, copper, brass or
other approved material, except that cast iron fittings used for
water need not be galvanized if over two (2) inches in size.

Caulking Ferrules - 2-1

Pipe size (inches)
Inside

diameter
(inches)

Length
(inches)

Minimum
weight
each

Lb. Oz.

2
3
4

21/4
31/4
41/4

41/2
41/2
41/2

1 0
1 12
2 8

UPC-73
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A-3 (continued)

TABLE 2-2

Soickring Bushings

Pipe size
(inches)

Minimum
weight each

Pipe size
(inches]

Minimum
weight each

Lb. Oz. Lb. Oz.

11/4 ....... ........ 0 6 21/2 1 6
11/2 0 8 3 2 0
2 ...._... ........... 0 14 4 3 8

TABLE 24

Cloanouts

Size of Pipe
Size of

Cleanout
Threads
per inch

111/2
111/2

8
8
8

_

11/2 inch
2 inch
21/2 inch
3 inch
4 inch & larger

1 V2 inch
11/2 inch
21/1 inch
21/2 inch
31/2 inch

TI4QCAD 4AUfiE
potNT Sig NU'

TABLE 2-4

Claanout Plugs I.P.S. Brass

14

Iron pipe
size

(inches)

C (eba

D (da
Dimensions in inches

A B C D E G
Across
flats H

L (see
note)

3/4 3/4 3/4 11/2 3/16
3/4 3/4 1 2 3/16
3/4 3/4 15/16 2% 3/16
3/4 1 1- 5/16 2-15/16 3/16
3/4 1 11/4 3- 7/16 1/4
7/8 1 13/4 3-15/16 1/4
7/8 1 1- 9/16 4- 7/16 5/16

_1 1 1-15/16 4-15/16 5/16
1 1 1-15/16 5- 7/16 5/16
1 1 17/a 5-15/16 %

Ve

5/32
5/32
3/16
3/16
7/32
7/32
7/32
1/4

1 3/16
1194- 3/16
11/4 1/4

15/a 1/4

13/4 1/4

2 5/16
2 5/16
2% 3/4

3/. 36
2Ve 3/4

NoteWhen thread gauge is screwed tightly on plug by hand,
large end of gauge shall be the distance "1" ±-11/2 turns, from
surface of plug.
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MULTIPLY

A-4

USEFUL TABLES

CONVERSION TABLES

BY TO OBTAIN

Acres 43,560

Acre-feet 43,560

Acre-feet 325,851

Atmospheres 76.0

Atmospheres 29.92

Atmospheres 33.90

Atmospheres 14.70

B.T.U./min. 12.96

B.T.U./min. 0.02356

Centimeters 0.3937

Centimeters of mercury 0.01316

Centimeters of mercury ..__.....0.4461

Centimeters of mercury 27.85

Centimeters of mercury ..._.....0.1934

Cubic feet 1728

Cubic feet 0.03704

Cubic feet 7.48052

Cubic feet 29.92

Cubic feet/minute 472.0

Cubic feet/minute 0.1247

Cubic feet/minute 62.43

Cubic feet/second 0.646317

Cubic feet/second 448.831

Cubic yards 27

Cubic yards ...202.0

Square feet

Cubic feet

Gallons

Cms. of mercury

Inches of mercury

Fee, :

Lbs./sq. inch

Foot-lbs./sec.

Horse-power

Inches

Atmospheres

Feet of water

Lbs./sq. ft.

Lbs./sq. inch

Cubic inches

Cubic yards

Gallons

Quarts (14)

Cubic cms./sec.

Gallons/sec.

Pounds of water/min.

Million gals./day

Gallons/min.

Cubic feet

Gallons

Feet of water 0.02950

Feet of water 0.8826

Feet of water 62.43

Feet of water 0.4335

Feet/min. 0.01667

Feet/min. 0.01136

Feet/sec. 0.6818

Feet/sec. .0.01136

Atmospheres

Inches of mercury

Lbs./sq. ft.

Lbs./sq. inch

Feet/sec.

Miles/hr.

Miles/hr.

Miles/min.
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A-4 (continued)

USEFUL TABLES

MULTIPLY BY TO OBTAIN

Gallons 3785........Cubic centimeters

Gallons 0.1337 Cubic feet

Gallons 231 Cubic inches

Gallons 4 Quarts (14)

Gallons water 8.3453 Pounds of water

Gallons/min. 0.002228 Cubic feet/sec.

Gallons/min. 8.0208 Cubic ft./hr.

Gallons water/min. 6.0086 Tons water/24 hours

Inches 2.540 Centimeters

Inches of mercury 0.03342 Atmospheres

Inches of mercury ..._ ..........._1.133 Feet of water

Inches of mercury 0.4912 Lbs./sq. ft.

Inches of water 0.002458 Atmospheres

Inches of water 0.07355 Inches of mercury

Inches of water 5.202 Lbs./sq. ft.

Inches of water 0.03613 Lbs./sq. inch

Liters 1000 Cubic centimeters

Liters 61.02 Cubic inches

Liters 0.2642 Gallons

Miles 5280........Feet

Miles/hr. 88 Feet/min.

UPC -73
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A-4 (continued)

MULTIPLY BY

Miles /hr. 1.467

Millimeters 0.1

Millimeters 0.03937

Million gal./day 1.54723

Pounds of water 0.01602

Pounds of water 27.68

Pounds of water 0.1198

Pounds/cubic inch 1728

Pounds/sq. foot O.U1602

Pounds/sq. inch 0.06804

Pounds/sq. inch 2.307

Pounds/sq. inch 2.036

Quarts (dry) 67.20

Quarts (14) 57.75

Square feet 144

Square miles 640

Square yards 9

Temp. (°C.) + 273 1

Temp. (°C.) + 17.28 1.8

Temp. (°F.) -I-- 460 1

Temp. (°F.) 32 5/9

Tons (short) 2000

Tons of water/24 hours 83.333

Tons of water/24 hours 0.16643

Tons of water/24 hours 1.3349

TO OBTAIN

Feet/sec.

Centi neters

Inches

Cubic ft./sec.

Cubic feet

Cubic inches

Gallons

lbs cubic foot

Feet of water

Atmospheres

Feet of water

Inches of mercury

Cubic inches

Cubic inches

Square inches

Acres

Square feet

Abs. temp. (°C.)

Temp. (°F.)

Abs. temp. (°F.)

Temp. (°C.)

Pounds

Pounds water/hour

Gallons/min.

Cu. ft./hr.

UPC-73
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A-5
THRUST BLOCKING REQUIREMENTS FOR UNDERGROUND WATER PIPING

Note: Where thrust blocking is not practicable, proper tie rodding must be used.

THRUST FORCE AT FITTINGS

Pipe
Size

Thrust in Pounds, at 1 psi of Water Pressure

Dead End
or Tee

90
Elbow

45'
Elbow

221/2'
Elbow

Side Thrust per Degree of
Deflection in Pipe Line Joint

3 12 17 9 5 .24
4 19 26 14 8 .35
6 38 54 29 15 .72
8 66 93 50 26 1.22

10 107 151 82 42 1.97

12 153 216 117 60 2.78
14 207 293 159 81 3.77
16 26 397 205 105 4.86
18 34 485 264 134 6.65
20 426 600 326 165 7.90

24 615 867 472 239 11.50
30 963 1358 740 375 18.80
36 1390 1960 1166 540 26.60

WIDTH x DEPTH =
AREA OF BEARING

Typical thrust block at 90 Bend

BEARING LOADS OF DITCH BANKS
OF VARIOUS SOIL COMPOSITIONS

Note: The safe bearing loads given in the following table
are for horizontal thrusts when the depth of cover

over the pipe exceeds 2 feet.

Soil Composition

Safe Bearing
Load

Lb. er S Ft.

°Muck, peat, etc. 0
Soft clay 1000
Sand 2000
Sand and gravel 3000
Sand and gravel cemented with clay 4000
Hard shale 10000

In muck or peat, all thrusts are resisted by piles or tie rods to
solid foundations or by removal of muck or peat and replacement
with ballast of sufficient stability to resist thrusts.

Method of blocking pipe at bends, tees, and dead ends
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A-6

FRACTIONS AND DECIMAL EQUIVALENTS
Numerator ±- Denominator = Decimal Equivalent

Fraction Decimal Fraction Decimal

144
1/32

344
1,46

%4

732
7/64

.0156

.0313

.0469

.0625

.0781

.0938

.1094

3
'3/67/32 4

3%4
9/16

37/54

19/33

3964

.5156

.5313
.5469
.5625
.5781

.5938

.6094
% .125 % .625
%a .1406 41/64 .6406
Y32 .1563 21/32 .6563

1.144 .1719 1%4 .6719
Y16 .1875 1A6 .6875

1%4 .2031 4644 .7031
/32 .2188 23/32 .7188

'5g4 .2344 4%4 .7344

1/4

1744

.25
.2656

34
44/A

.75

.7656
952 .2813 25/3273 .7813

'944 .2969 5%4 .7969
5,46 .3125 13/16 .8125

21%4 .3281 5%4 .8281
11,62 .3438 272 .8438
2%4 . .3594 5%4 .8594
% . :375 % .875

25/64 .3906 5%4 .8906

1%2 .4063 29/32 .9063
2%4 .4129 5%4 . .9219

%6 .4375 1%6 .9375
2%4 .4531 61/

76 .9531
132 . .4688 3V32 .9688

314 .4844 63A4 .9844
lh .5 1 . 1

A-7

APPROXIMATE CAPACITIES OF CYLINDRICAL
TANKS IN U.S. GALLONS FOR EACH FOOT

OF LENGTH

Diameter
in Inches Gallons Diameter

in Inches Gallons

12 6 54 120
18 13 60 150
24 24 66 180
30 . 37 72 216
36 54 84 290
42 72 96 380
48 96 120 600

To find capacity in Imperial Gallons, multiply by .833
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TEMPERATURE CONVERSION TABLE
F OS X C) + 32; C % (F 32)

Degrees
Fahrenheit

Degrees
Centigrade

Degrees
Fahrenheit

Degrees
Centigrade

-20
-10

0
10
20

-28.9
-23.3
-17.8
-12.2
-6.7

140
150
160
170
180

60.0
65.6
71.1
76.7
82.2

30 -1.1 190 87.8
32 0 200 93.3
40 4.4 210 98.9
50 10.0 212 100
60 15.6 220 . 104.4

70 21.1 230 110.0
80 26.7

I

240 115.6
90 32.2 250 . 121.1

100 37.8 260 . 126.7
110 43.3 270 132.2

120 48.9 280 137.8
130 54.4 290 143.3

A-9

BOILING POINTS OF WATER
ON FAHRENHEIT SCALE

Vacuum,
in inches

of Mercury
Boiling Point

29 76.6
25 133.2
20 . 161.2
15 178.9
10 192.2

8 . 196.7 I

6 200.9
4 204.9
2 208.5
1 210.3 I

Gauge
Pressure in

Pounds
per sq. in.

Bolling Point

0 212
2 218.5
4 . . 224.4
6 . 229.8
8 . 234.8

10 239.4
' 25 266.8

50 297.7
75 320.1

100 337.9



A -10 A-12

PRESSURE CONVERSION TABLE
Feet of Water (Head)

to
Pounds Per Square Inch

Feet of Water X .433 = Psi

Feet of
Water

Pounds per
Square Inch

1 43
2 87
3 1 30
4 1 73
5 2 17

6 2 60
7 3 03
8 3 46
9 3 90

10 4 33

15 6 50
20 8 66
25 10 83
30 12 99
40 17 32

50 21 65
60 25 98
70 30 31
80 34 64
90 38 97

A -11

PRESSURE CONVERSION TABLE
Pounds Per Square Inch

to
Feet of Water (Head)

Psi X 2.309 = Feet of Water

Pounds per
Square Inch

Feet of
Water

1 2.31
2 4.62
3 6.93
4 9.24
5 11.55

6 13.85
7 16.16
8 18.47
9 20.78

10 23.09

15 34.64
20 46.18
25 57.73
30 69.27
40 92.36

50 115.45
60 138.54
70 161.63
80 184.72
90 207.81

WEIGHT OF WATER AT VARIOUS TEMPERATURES

Temperature Pounds
Degrees Fahrenheit per Cubic Foot

32 62.410
35 62 421
39.3 62 424
40 62 423
45 62 419

50 62 408
55 62 390
60 62 366
65 62 336
70 62 300

75 62 261
80 62 217
85 62 169
90 62 118
95 62 061

100 61 998
110 61 865
120 61 719
130 61 555
140 61 386

150 61 203
750 61 006
170 60 799
180 60 586
200 60 135

212 59 843

A-13

STEEL PIPE DATA
STANDARD WEIGHT

Nominal
Pipe

Diam.
in Inches

Actual
Inside
Diam.

in Inches

Actual
Outside
Diam.

in Inches

Weight
per Foot
Pounds

Length in Feet
Containing
One Cubic

Foot

Gallons
in One
Lineal
Foot

.493 .675 .567 754.360 .010
.622 .840 .850 473.910 .016
.824 1.050 1.130 270.030 .028

1 1.049 1.315 1.678 166.620 .045

1% 1.308 1.660 2.272 96.275 .078
11/2 1.610 1.900 2.717 70.733 .106
2 2.067 2.375 3.652 49.913 .174
21/2 2.469 2.875 5.793 30.077 .249

3 3.068 3.500 7.575 19.479 .384
4 4.26 4.500 10.790 11.312 .661
5 5.04 5.563 14.617 7.198 1.039
6 6.065 6.625 18.974 4.984 1.501.
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A-14

WATER SUPPLY REQUIREMENTS
FOR THE MOST COMMON PLUMBING FIXTURES

Fixture

Flow
Pressure

in PSI
Flow in

GPM

Individual
Branch

Size
(Inches)

Ordinary basin faucet 8 3.0 %
Self-closing basin faucet .... 12 2.5 3/8

%" Sink faucet .... ..... 10 4.5 ;,

1/2" Sink faucet 5 4.5 1,.

Bathtub faucet 5 6.0 1/2

W' Laundry tub cock 5 5.0 "4
Shower 12 5.0 14
Ball-cock for closet 15 3.0 %
Flush valve for closet 10-20 20.40* 1

Flush valve for urinal 15 15.0 3/4

50' Garden hose and sill cock 30 5.0 lh

° Since a considerable variation exists in design and type of
flushvalvc closets, consideration should be given to the type used.

A-15
PIPE AREA: INTERNAL

CROSS-SECTIONAL AREA IN SQUARE INCHES

Nominal
Size

(Inches)

Copper Steel

Type K Type L Type M Schedule
40

Schedule
80

1/4 .073 .078 .104 .071
.127 .145 .159 .191 .141
.218 .233 .254 .304 .234

3/4 .436 .484 .517 .533 .432
1 .778 .825 .874 .864 .719

11 /4 1.22 1.26 1.31 1.495 1.283
11/2 1.72 1.78 1.83 2.04 1.77
2 3.01 3.09 3.17 3.36 2.95
21/2 4.66 4.77 4.89 4.79 4.24
3 6.64 6.81 6.98 7.39 6.61

31/2 9.00 9.21 9.40 9.89 8.89
4 11.7 12.0 12.2 12.7 11.50
5 18.1 18.7 18.9 20.0 18.2
6 25.9 26.8 27.2 28.9 26.1
8 45.2 46.9 47.6 50.0 45.7

10 70.1 72.8 73.9 78.8 71.8
12 101.0 105.0 106.0 111.9 101.6

A-16
REASONABLE VELOCITIES
OF FLOW THROUGH PIPE

City water mains Up to 7 ft./sec.
General service water 5 to 10 ft./sec.
Pump suction 4 to 6 ft./sec.
Pump discharge 6 to 8 ft./sec.
Pressure drain lines 4 to 7 ft./sec.
Gravity horizontal drains 2 to 10 ft./sec.

Note: Water velocities in excess of 15 ft./sec. may cause water
hammer.
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NOTE: Check local code requirements:
re: Tables

A-17

INDIVIDUAL FIXTURES RATES

Type of Fixture
Dicharge Rate

G.P.M.

Lavatory 7.5
Closet 45
Bathtub 15
Residence sink 15
Hotel or restaurant sink 20
Slop sink with flush valve 35
Shower stall 30
Laundry tub 20
Urinal 35
Instrument sterilizer 4
Bedpan sterilizer 40
Floor drain, ordinary 8
Bidet 15
Drinking fountain 3
Dental cuspidor 3

A -.18

VERTICAL STACK RATES

Diameter of Stack
in Inches

Maximum Flow
G.P.M.

3 90
4 180
5 350
6 560
8 1200

A-19
HORIZONTAL DRAIN RATES

Size in
Inches

Slope
1/4" per foot

Slope
V." per foot

Slope
IA" per root

Velocity
Ft./Sec.

Discharge
G.P.M.

Velocity
Ft./Sec.

Discharge
G.P.M.

Velocity
Ft./Sec.

Discharge
G.P.M.

2 1.50 15. 2.10 21. 3.00 30.
21/, 1.75 27. 2.45 38. 3.50 54.
3 2.00 44. 2.80 62. 4.00 88.
4 2.40 96. 3.40 135. 4.80 192.
5 2.80 174. 3.95 250. 5.60 348.

6 3.15 280. 4.45 400. 6.30 560.
8 3.80 600. 5.35 850. 7.60 1200.

10 4.45 1100. 6.30 1550. 8.90 2200.
12 5.05 1780. 7.10 2500. 10.10 3560.



A-20

METRIC CONVERSION TABLE

Convert 3.7643 meters to feet,
inches and fractions

3.7643 meters
3.6556 = 12 ft

108.70 mm
107.95 = 4% in.

.75 = 1/3 2"

3.7643 meters = 12.-49/32"

Convert 15'-67/16" to meters
15' = 4.5720 meters

6%6" = .163513 meters
15.-6%6" = 4.735513 meters

INCHES AND FRACTIONS-MILLIMETERS

Inches Millimeters Inches Millimeters Inches Millimeters Inches Millimeters Inches Millimeters 1 Inches Millimeters

IA 6
'41

346
14

Yis
%
Ms
1/2

946
%
11A6

%
13/16

7.4

i6
1

11/46
1%
1316
1%
1516
1%
1346
1%

1346
1%
111/46
1314

113%6

1%
1116
2

1.5875
3.1750
4.7625
6.3500
7.9375
9.5250

11.1125
12.7000

14.2875
15.8750
17.4625
19.0500
20.6375
22.2250
23.8125
25.4001

26.9876
28.5751
30.1626
31.7501
33.3376
34.9251
36.5126
38.1001

39.6876
41.2751
42.8626
44.4501
46.0376
47.6251
49.2126
50.8001

21/46
21/8
2346
21/4
25/16
2%
2746
2%

2346
2%
211/46
2%
21346
2%
21516
3

31/46
3%
3%6
3%
3316
334
3316
31/2

39/I6
3%
311/46
334
31316
3%
31346
4

52.3876
53.9751
55.5626
57.1501
58.7376
60.3251
61.9126
63.5001

65.0876
66.6751
68.2626
69.8501
71.4376
73.0251
74.6126
76.2002

77.7877
79.3752
80.9627
82.5502
84.1377
85.7252
87.3127
88.9002

90.4877
92.0752
93.6627
95.2502
96.8377
98.4252

100.013
101.600

41/46
4%
43,16
41/4
4%6
4%
47/16
41/2

4316
4%
41%6
4%
413,46
4%
41516
5

51/46
51/2
5346
51/4
5316
534
57,46
51/2

5346
538
511/46
5%
51346
57%
51516
6

103.188
104.775
106.363
107.950
109.538
111.125
112.713
114.300

115.888
117.475
119.063
120.650
122.238
123.825
125.413
127.000

128.588
130.175
131,763
133.350
134.938
136.525
138.113
139.700

141.288
142.875
144.463
146.051
147.638
149.225
150.813
152.400

61/46
6%
6146

1 61/4

6516
6%
67,16
61/2

6316
6%
611/46
6%
613/6
6%
615/6
7

7 %6
7%
73/16
71/4

7516
73/8
77/16
71/2

79/16
7%
711/16
73/4

71346
77%

71556
8

153.988.
155.575
157.163
158.750
160.338
161.925
163.513
165.100

166.688
168.275
169.863
171.450
173.038
174.625
176.213
177.800

179.388
180.975
182.563
184.150
185.738
187.325
188.913
190.500

.192.088
193.675
195.263
196.850
198.438
200.025
201.613
203.200

81/46
8%
8346
81/4
8%6
8%
8316
81/2

8%6
8%
811/46
83/4
81316
8%
815/6
9

91A 6
9%
9346
9%
95,46
93/8
9346
91/2

994 6
9%
911/46
934
913A6
97%

93,46,
10

204.788
206.375
207.963
209.550
211.138
212.725
214.313
215.900

217.488
219.075
220.663
222.250
223.838
225.425
227.013
228.600

230.188
231.775
233.363
234.950
236.538
238.125
239.713
241.300

242.888
244.475
246.063
247.650
249.238
250.825
252.413
254.001

101,46
10%
103/1,
101/4
10516
103/8
10316
101/2

109/6
10%
1011/46

10%
1013/6
107%
1015/6
11

111/46
11%
113,46
11%
11516
11%
11%6
111/2

119/16
11%
1111/16
11%
1113/16
11%
111516
12

255.588
257.176
258.763
260.351
261.938
263.526
265.113
266.701

268.288
269.876
271.463
273.051
274.638
276,226
277.813
279.401

280.988
282.576
284.163
285.751
287.338
288.926
290.513
292.101

293.688
295.276
296.863
298.451
300.038
301.626
303.213
304.801

FEET INTO METERS

Feet Meters Feet Meters Feet Meters Feet Meters Feet Meters Feet Meters Feet Meters

1 0.3048 16 4.8768 31 9.4488 46 14.021 61 18.593 76 23.165 91 27.736
2 0.6096 17 4.1816 32 9.7536 47 14.326 62 18.898 77 23.470 92 28.041
3 0.9144 18 5.4864 33 10.058 48 14.630 63 19.202 78 23.774 93 28.346
4 1.2192 19 5.7912 34 10.363 49 14.935 64 19.507 79 24.079 94 28.650
5 1.5240 20 6.0960 35 10.668 50 15.240 65 19.812 80 24.384 95 28.955

6 1.8288 21 6.4008 36 10.973 51 15.545 66 20.117 81 24.689 96 29.260
7 2.1336 22 6.7056 37 11.278 52 15.850 67 20.422 82 24.994 97 29.565
8 2.4384 23 7.0104 38 11.582 53 16.154 68 20.726 83 25.297 98 29.870
9 2.7432 24 7.3152 39 11.887 54 16.459 69 21.031 84 25.602 99 30.174

10 3.0480 25 7.6200 40 12.192 55 16.764 70 21.336 85 25.907 100 30.480

11 3.3528 26 7.9248 41 12.497 56 17.069 71 21.641 86 26.212
12 3.6556 27 8.2296 42 12.802 57 17.374 72 21.946 87 26.517
13 3.9624 28 8.5344 43 13.106 58 17.678 73 22.250 88 26.822
14 4.2672 29 8.8392 44 13.411 59 17.983 74 22.555 89 27.126
15 4.5720 30 9.1440 45 13.716 60 18.288 75 22.860 90 27.432
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